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Chapter 1 
Section 1.1 


1. Cartesian 
8. b 


(page 8) 


3. c 4. f 5. а 6. а 


11. y 
А 
gt 
$3 
ste 
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13. (—3, 4) 15. Quadrant IV 


17. Quadrant П 


21. y 

А 
16,000 
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14,000 + 
13,000 + 


12,000 + 


Number of stores 


11,000 + 


10,000 р; 


19. Quadrant II or IV 


+ + + + + + >x 
2012 2013 2014 2015 2016 2017 2018 


Year 
23. 13 25. V61 27. X 
29. (a) 5, 12,13 (Ы) 52 + 122 = 132 


7. e 
9. А: (2, 6), В: (— 6, —2), C: (4, — 4), D: (3,2) 


31. (,/5)* + (VEF = (1/50)? 
33. Distances between the points: V29, V58, V29 
35. (a) 37. (a) 
6 127r 
e (6,5) iol: 
4 1 
| s+ (9,7) 
2 І ә 
! 6+ РИ 
Е x „7 
2 4 І 8 10 4T gf 
7 e (6,3) Sue ди" 
E | E ra | m 
-2 2 4 6 8 10 
(b 8 (с) (6,1) (b) 10 (c) (5.4) 
39. (a) 41. (a) 
А | 
3r (5, 4) 207 
at a) . 
vert (716.8, 12.3) 157 
34 кы e. 
(1,2) st~~e 
T (5.6, 4.9) 
E E a a -20 15 -10 5 BRUT 
244 M 


(b) 2/10 
(c) (2,3) 


(b) ./556.52 
(c) (— 5.6, 8.6) 
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43 
47 
51 


53 
55 


57 
59 


. 2/505 == 45 yd 
. (0, 1), (4, 2), (1, 4) 


* (2x,, T Xi 2Y m E у) 


45. $500.15 billion 


А75 


49. (—3, 6), (2, 10), (2, 4), (—3, 4) 

. True. Because x < 0 and y > 0, 2x < 0 and —3y < 0, which 
is located in Quadrant III. 

. True. Two sides of the triangle have lengths of \/149, and the 
third side has a length of \/18. 

. Point on x-axis: y — 0; Point on y-axis: x — 0 


. Use the Midpoint Formula to prove that the diagonals of the 
parallelogram bisect each other. 


| 


27 2 


засто (=, =) 
2 *2 


(=e exo) (2252) 
2 "o. 2.52 
60. (a ii (b)ii (0) іу (@ 1 
61. (a) First Set 
Distance A to B 3 
Distance B to C 5 
Distance A to C 4 
Right triangle 
(b) y 
A 
gt 
6+ ө 
44 
e е 
p+ JH 4 > x 
-2 2 4 6 8 


63. 
69. 


Second Set 
Ло 
/10 
/40 


Isosceles triangle 


The first set of points is not collinear. The second set of 
points is collinear. 


(c) A set of three points is collinear when the sum of two 
distances among the points is exactly equal to the third 


distance. 
(a —10 (b) —6 
0 


71. (a) P — 42x — 35,000 


65. (a) —54 


Section 1.2 (раде 19) 


1. solution or solution point 


(b) 0 
(b) $175,000 


3. intercepts 


67. 2—2 


5. origin 7. Algebraic, graphical 

9. (a) Yes (Ы) No 11. (a No (b) Yes 

13. 5 
x —1 0 1 2 3 
y 7 5 3 1 0 
к» | C12 | (0,5) | (3 | (2,1) | Go) 
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15. 5 ET " 1 2 3 49. No mney 51. x-axis Say 
А А 
у 4 0 —2 =2 0 DT 34 


ES (—1,4) | (0,0) | 1,—2) | @,-2) | (3,0) 


x-intercept: (6, 0) x-intercept: (— 1, 0) 
zi y-intercept: (0, 6) y-intercepts: (0, +1) 
53. 10 55. 10 
17. x-intercept: (—2, 0) 19. x-intercept: (3, 0) hs 10 -10 10 
y-intercept: (0, 2) y-intercept: (0, 9) 
21. x-intercept: (£, 0) 23. x-intercept: (— 4, 0) -10 -10 
У барв (0, 76) У Tees (0, 2) Intercepts: (10, 0), (0, 5) Intercepts: 
25. x-intercept: G, 0) 27. x-intercepts: (0, 0), (2, 0) (3, 0), (1, 0), (0, 3) 
y-intercept: (0, 7) y-intercept: (0, 0) 57 " 59 dod А | 
29. y-axis symmetry 31. Origin symmetry И : 
33. Origin symmetry 35. x-axis symmetry m 
у ] —10 10 —10 10 
—10 —10 
Intercept: (0, 0) Intercepts: (— 1, 0), (0, 1) 
61. 10 
—10 10 
T10 
Intercepts: (—3, 0), (0, 3) 
63. 2 + y= 65. (x + 4)? + (у = 5? = 4 


67. (x — 3)? (y — 8? = 169 
69. (x + 3)? + (y + 32 = 61 
71. Center: (0, 0); Radius: 5 73. Center: (1, —3); Radius: 3 


y 


y 


x-intercept: G, 0) x-intercepts: (0, 0), (2, 0) 
y-intercept: (0, 1) y-intercept: (0, 0) 
45. No symmetry 47. No symmetry 
y › 
34. 
at 
34 
| Hy 
(3,0) 
x 023 4 5 6 — 
a4 
x-intercept: (3/—3, 0) x-intercept: (3, 0) 
y-intercept: (0, 3) y-intercept: None 


its Rese 
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77. y 19. n — 0 21. m is undefined. 
А " ; 
T -intercept: -intercept: none 
1,200,000 y р (0, 5) y р 
© кй у y 
-= 1,000,000 + n 
E] BS 
> 84 
"3 800,000 + 
F 
-B 600,000+ 
2 " l 60, 5) 
£ 400,000-- 
a T 4T 
200,000 + | 
E + + E E ER E 24 
1 2 8 4 5 6 7 8 9 10 d 
Year асаа 
Р -4 -2 | 2 4 
79. (a) (b) Answers will vary. 
y 
x 
8000 = 2 = 2 
(c) (d) x = 863, y = 863 
0 180 
0 


(e) A regulation NFL playing field is 120 yards long and 
53i yards wide. The actual area is 6400 square yards. 
81. False. y — x is symmetric with respect to the origin. 
83. When replacing y with — y yields an equivalent equation, the 
graph is symmetric with respect to the x-axis. 


85. (a)a=1,b=0 (b)a=0,b=1 
87. 21х +3 89.6x-2 91. 12 
95. 27/2 97. 823,543 


101. 2x? — 5x — 63 


Section 1.3 (page 31) 


1. linear 3. point-slope 
7. They are perpendicular. 9. (a) Ь 
п. 7 
т=0 
13. 3 
15. т = 5 17. т = -i 


y-intercept: (0, 3) 


93. x — 4 
99. 2x? + 8x + 11 


5. rate or rate of change 
(b) Ls 


y-intercept: (0, — 1) 


(c) Lı 
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27. т = 2 29. n = 0 
33. т = 0.15 


25. т = —5 
31. т is undefined. 
35. (—1, 7), (0, 7), (4, 7) 


39. (-2,7),(0, 2), (1,6 а. (—4, 
43. y = Зх — 45. y = —2x 


к у 


А77 


37. (—4, 6), (—3, 8), (—2, 10) 
5), (—4, 0), (-4, 2) 


M y 
A А 
47 4T 


5 

4 

39 (0.3) 
m t—+—+ + х 
-4 -3 -2 -1 1 2 3 
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55. у= —$х +2 57. x= -7 117. No real solution 119. =t] 121. 02 +3,x +1 
y y 
i st Section 1.4 (page 44) 
EE ET 1. independent; dependent 
44 3. A relation is а rule of correspondence between an input and 
aa à an output. A function is a relation in which each input is 
matched with exactly one output. 
E uet 5. Explicitly described 7. Function 9. Not a function 
-24 11. (a) Function (b) Function 
59. y = -ix +3 61. y = 0.4x + 0.2 (c) Not a function, because not every element in A is 
y H matched with an element in B. 


13. Not a function 15. Function 17. Function 
19. Function 21. (a) 15 (b) 12 (c) 42 + 137+ 15 
23. (a 1 (5 2.5 (6) 3 – 2|x| 


25. (a) - (b) Undefined (c) c 


2 
| |к—1| 7 *® 
И 27. (a 1 (6-1 (с) 
Ж = 1 
=r] 29. (a) -1 2 (06 
63. у= -1 з. ШЕ [_,|,[,|» 
n 
34 f(x) 1 4 5 4 1 
ot 
33. 
14 x -2 | -1| 0 1 2 
"WEG GE M (oEREBEBEUE 
NE 35.5 37.4 39-9 410,41 43-12 
xs 45. 0, +2 47. All real numbers x 
65. Parallel 67. Neither 69. Perpendicular 49. All real numbers y such that y = —6 
71. Parallel 73. (a) y 22x -3 () у= —1х +2 51. All real numbers x except x = 0, —2 


75. (а) у= -ły + 3 (b) у= ix + 11 53. АП real numbers s such that s > 1 except s — 4 


77. а)у=4 (b)x=-2 
79. (a) у=х+43 (b+) у= -х + 93 
81. 5x + Зу — 15 = 0 83. 12x + 3y +2 = 0 


55. (a) The maximum volume is 1024 cubic centimeters. 
(b) y 


1200 


1000 
85. х+у- 3 = 0 2 800 
87. (a) Sales increasing 135 units/yr 5 600 
(b) No change in sales i 400 
(c) Sales decreasing 40 units/yr 200 
89. 12 ft 
91. F = 18C + 320r C = 3F — 18 Height 
93. V = —166t + 830,0 <t<5 Yes, V is a function of x; V = x(24 — 2x, 0 <х < 12 
95. (a) C = 21t + 42,000 (b) К = 45t 57. No, the ball will be at a height of 18.5 feet. 
(c) P = 24t — 42,000 (d) 1750h g 
97. False. The slope with the greatest magnitude corresponds to 59. A = 2(a — 2)” a>2 
Ше steepest ine: 61. 2012: 79.42% 63. (a) 
99. Find the slopes of the lines containing each two points and 2013: 81.18% 
1 : 81. 
use the relationship m, — ЕЗ, 2014: 82.94% 
2 
101. (a) The slope is i, not 2. 2015: 84.70% P 
(b) The y-intercept is —3, not 4. 2016: 85.90% h 
103. The line y = 4x rises most quickly, and the line y = —4x 2017: 86.80% ES 
falls most quickly. The greater the magnitude of the slope (the 2018: 87.7096 


absolute value of the slope), the faster the line rises or falls. ' TUM 


5 (b) h = Jd? — 3000? 
X 8. 7, о. _ 209 2 , 
105. 6; 0; 6; 30 107. 5; 15; 72; — T0 109. = d = 3000 


111. — 35,1 113. 50 115. —1,2 
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65. 


67. 


69. 


73. 


77. 
79. 
81. 


85. 


87. 
89. 
93. 
95. 
99, 
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(a) C = 12.30x + 98,000 (b) R = 17.98x 
(c) P — 5.68x — 98,000 
240n — m? 
= = > 

(a) R 20 ^ ^? 80 
(b) 
n 90 100 | 110 | 120 | 130 | 140 | 150 
R(n) | $675 | $700 | $715 | $720 | $715 | $700 | $675 

The revenue is maximum when 120 people take the trip. 
2th, h#0 71. 33 + 3xh + IP + 3, h £0 

x3 45x — 5 

92° х #3 75. mE 

False. A function is a special type of relation. 


False. The range is [— 1, 00). 

g(x)-o5c--2 83. r(x) = 5c = 32 

The domain of f(x) includes x = 1 and the domain of g(x) 
does not because you cannot divide by 0. So, the functions do 
not have the same domain. 


M Io 


No; x is the independent variable, f is the name of the function. 
+1,3 91-5; 
x-intercepts: (—2, 0), (1,0) y-intercept: (0, —2) 
(0, 0), (5, 0), (6,0) 97. (1.17, 0), (2.44, 0) 


4 101. -j5 103.12 


Section 1.5 (page 56) 


1. zeros 3. average rate of change; secant 5. No 
7. Domain: (—2, 2]; range: [— 1, 8] 
(à -1 (DO (0-1 (@8 
9. Domain: (— 00, оо); range: (—2, оо) 
(020 (b) 1 (02 (03 
11. Function 13. Not a function 15. —3,6 
17.0, *./6 19. +3,4 215 23. +1  25.-3 
27. (a) б 0,6 
=2 10 
=10 
(b) 0,6 
29. (a) 5 m 
-6 3 
-1 
b) -7 
31. (a) 2 0.3333 
-3 3 
-2 
(b) 3 


33. 
35. 
37. 


39. 
41. 


45. 


49. 
51. 


53. 


59. 


A79 


Decreasing on (— оо, оо) 

Increasing on (1, со); Decreasing on (— оо, — 1) 
Increasing on (1, со); Decreasing on (— оо, — 1) 
Constant on (— 1, 1) 


Increasing on (— 00, — 1), (0, со); Decreasing on (— 1, 0) 
4 43. 6 
-8 8 
-3 3 
0 -6 


Constant on (— оо, oc) Decreasing on (— oo, 0) 
Increasing on (0, oc) 


ч 47. 4 


0 6 
-1 0 


Decreasing on (— o6, 1) Increasing on (0, oo) 


Relative minimum: (— 1.5, —2.25) 
Relative maximum: (0, 15) 
Relative minimum: (4, — 17) 
Relative minimum: (0.33, —0.38) 
57. М 


(b) About 1.73; The amount the U.S. federal government 
spent on applied research increased by about $1.73 billion 
each year from 2013 to 2018. 
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67. (а) s = — 16° + 64t + 6 87. (a) ?? 
(b) 1% (c) 16 ft/sec 


0 24 
0 
0 5 
0 


(b) The model fits the data very well. 


(d) The slope of the secant line is positive. (c) The temperature was increasing from 6 A.M. (x = 0) to 
(e) у= 16t 4 6 noon (x — 6), and again from 2 A.M. (x — 20) to 6 A.M. 
(f) 400 (x = 24). The temperature was decreasing from noon to 


2 A.M. 
(d) The maximum temperature was 63.93°F and the minimum 
temperature was 33.98?F. 
К Е (е) Answers will vary. 
0 


89. False. The function f(x) = x2 + 1 has a domain of all real 


69. (а) s = —162? + 120t numbers. 
(b) 270 (c) —8 ft/sec 91. The negative symbol should be divided out of each term, 


which yields f(—x) = —(2x? + 5). So, the function is 
neither even nor odd. 
93. (a) (5, –7) ( (3,7) 
0 8 95. (a) 4 (b) 
0 


(d) The slope of the secant line is negative. 
(e) у= —8t + 240 
(f 270 


(с) 1 (d) 


71. Even; y-axis symmetry 
73. Neither; no symmetry 

75. Neither; no symmetry (e) 7 (f) 
77. y 79. 7 


-4 
АП the graphs pass through the origin. The graphs of the odd 
powers of x are symmetric with respect to the origin, and the 
graphs of the even powers are symmetric with respect to the 
y-axis. As the powers increase, the graphs become flatter in 
the interval —1 « x « 1. 

97. y  —x +4 99. x — 5 


-104- 5l 
Even Neither 
81. 5 


Оаа 
83. h = 3 – 4х + х2 
85. L = 2 — 3/2y 


101. (a) -18 (b) 12 (c) 5x + 12 
103. (а) 3 (b 5 (02 105. 2n +1 


Section 1.6 (page 65) 


1. Greatest integer function 3. Reciprocal function 
5. Square root function 7. Absolute value function 
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9. Linear function 41. (a) 8 
11. (a) f(x) = —2x + 6 13. (a) Дх) = ix - 2 
(b) o 
; -9 9 
-4 
(b) Domain: (— оо, оо) 
ғ Range: [0, 2) 


43. (а) W(30) = 420; W(40) = 560; 
W(45) = 665; W(50) = 770 


Т AALdAVHO 


14h 0<h< 36 
$. 6 7 , 
b h) — 
+ 0) Wn bit. — 36) + 504, h > 36 
15. 2 17. 8 16h, 0<h< 40 
© wen) = [oo aa 
-6 6 24(h — 40) + 640, h > 40 
f; 0stz2 
Bi Е 45. f(t) = 421-2, 2 <158 
-6 E +10, 8<т<9 
19. 4 21. 10 У 
16 
-6 6 14 
ёр 
-2 12 Z 10 
° 8 
-4 T2 E : 
23. 6 25. 10 Ba 
2 
t 
-6 10 -10 10 2 4 6 8 10 
Hours 
Total accumulation — 14.5 in. 
-6 10 47. False. A piecewise-defined function is a function that is 
27. (a) 2 (2 (0-4 (d3 defined by two or more equations over a specified domain. 
29. (a) 1 (D —4 (03 (d) 2 That domain may or may not include x- and y-intercepts. 
31. A 33. \ 49. The domains should be x < 3 and x > 3. 
— 4T 6] е 51. (a) Yes. The amount that you pay in sales tax will increase as 
eco 3) ^] „2° the price of the item purchased increases. 
TT 24 eo (b) No. The length of time that you study the night before an 
ai куе Кезде TEE exam does not necessarily determine your score on the 
йз 20021 тем H aue -6 -4 -2 2 4 6 exam. 
-1+ e—o wee " 
-24 eo o + 55. А 
9-0 -4- 6+ 
-34 ео ao. 4 ST 
-44 e- ео -64 al 
34 
35. 210272-2 
ИГА 
2, 0 E20) . 
" чт кй 
-10 -2+ 
-34 
-4+ 
x-intercepts: (—2, 0), (4, 0) x-intercepts: 
y-intercept: (0, — 8) (—2, 0), (2, 0) 
y-intercept: (0, 2/2 - 2) 
3/2 — 3 
39. т. YP VR ао 20 
x 
Section 1.7 (page 72) 
1. —f(x); f(x) 
А © | >x 3. Horizontal shifts, vertical shifts, reflections 
-4 -3 -1 1 2.3. 4 
Li 
-24 
zal 
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A82 


5. (a) 


с=1 (b) 


с=-1 
с=-2 


» Xx 
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П. (а) у= 2 – 1 
13. (а) y = – |х + 3| 


(b) у= (х + 1) +1 


(b y-2|x-2| - 4 


15. Right shift of y = x*; y = (x — 2)? 


17. Reflection in the x-axis of y = 32; y = —x 


2 


19. Reflection in the x-axis and upward shift of у = /x; 


уе =) 
21. (a) f(x) = x? 


(с) 


(b) Upward shift of six units 


y 


(d) g(x) = 0) +6 


7. (a) 


23. (a) f(x) = 3 
(b) Reflection in the x-axis and a right shift of two units 


(с) (d) g(x) = —/(х—2) 


25. (а) f() =? 
(b) Reflection in the x-axis, a left shift of one unit, and a 
downward shift of three units 


(c) › (d) g() = —3 — f& + 1) 


(e) | (f) i 


C2 Dg Ag (0. D x 27. (a) f(x) = x? 
(b) Reflection in the x-axis, a vertical stretch, and an upward 
shift of one unit 


i (c) | 


(9) g(x) = —2f(x) +1 
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29. (a) f(x) = |x 
(b) Right shift of one unit and an upward shift of two units 
(с) (d) 200 — f(x — 1) +2 


31. (a) f(x) = |x 
(b) Horizontal shrink 


(с) (d) g(x) = f(2x) 


33. (a) f(x) = |x] 
(b) Vertical stretch, a right shift of one unit, and an upward 
shift of two units 


(c) 1 (d) g(x) = 3f(x 1) +2 


t ——————————-- «s 
-4 -2 2 4 6 


35. (а) f(x) = vx 
© » 


(b) Vertical stretch 
(d) g(x) = 2/0) 


37. (a) f(x) = Vx 


(b) Horizontal shift nine units to the right 


© > @ a(x) = fle - 9) 
15+ 
12+ 
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39. (а) Ја) = Vx 
(b) Reflection in the y-axis, a right shift of seven units, and a 
downward shift of two units 


(d) g(x) =f7 — x) -2 


41. (а) Л) = [x] 


(b) Vertical stretch and a downward shift of one unit 


© (d) g(x) = 2/9) — 1 


43. (a) f(x) = bd 


(b) Reflection in the x-axis and an upward shift of three units 


(c) ; (d) g(x) =3 — f) 


45. (x) = (х - 32 — 7 47. g(x) = (x — 13} 
49. g(x) = —|x| - 12 51. g(x) = - /-x +6 
53. (а) y= 302 (Б) у= 42 +3 

55. (а) у= —;3| (b у= 3|x| – 3 

57. Vertical stretch of у = x; y = 2x3 


59. Reflection іп the x-axis and vertical shrink of y = х2; у = — lg 


61. Reflection in the y-axis and vertical shrink of y = //x; 
1 
y—-aV/-x 
63. y= —(x - 2} +2 
67. (a) 49 


65. y= – /x—3 


0 100 
0 


x 

(b) н(2, 
69. False. The graph of y = f(—x) is а reflection of ће graph of 

f(x) in the y-axis. 
71. True. |—x| = |x| 
73. (—2, 0), C1, 1), (0, 2) 
75. The equation should be g(x) = (x — 1). 
77. No, g(x) = —x? — 2; Yes, h(x) = —(x — 3}. 


| = 0.000011323x?; Horizontal stretch 


02-200-2 
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A84 Answers to Odd-Numbered Exercises and Tests 


79. x? + 4x 81. 32 + 2x -2 83. x? — 3x? 
1 

85. —0.2x2 — 34x 87. —, x = 2 
2x 3 

Section 1.8 (page 81) 


1. addition; subtraction; multiplication; division 
3. g(x) = 2x 
5. » 

А 


37. (а) 


39. (3 (60 


41. (a) 0 (6 4 
43. Sample answer: f(x) = x, g(x) = 2x + 1 


45. Sample answer: f(x) = 3/x, g(x) = x2 — 4 


47 


. Sample answer: f(x) = E во) =х+2 


700 Е 
7. (а) 2х (6) 4 (0) 2-4 
(а) : — z, all real numbers x except x = 2 
9. (а) 2 + 45-5 (Ы) 2 - 40+5 (с) 40° – 50 
(а) — 5 all real numbers x except x = 2 
п. (a) 2+6+/1-—-х Ву ГЕ 


(c) G2 + 6) /1—x 
24 Z 
(d) (x S41 x 


x+ +x 
xctl 
1 
(а) xx + 1) all real numbers x except x = 0, — 1 
15. 7 17. -9? + 3t+ 5 
23. 10 


; all real numbers x such that x < 1 
m E MS 4 
х +1 


13. (а) (b) (c) 


xctl 


19.3060 2143 


F(x), Ро) 
(с) х— 6 
(c) х9 + 336 + 3x3 + 2 
(D x + 4 
Domains of f and g » f: all real numbers x such that x 2 —4 


F(x), g(x) 
27. а)х+5 (b) x +5 
29. (a) x (b) x 


31. (a) VX +4 


Domains of g and f° g: all real numbers x 


33. (a) |x + 6| (b |x| + 6 
Domains of f, g, f° g, and g » f: all real numbers x 
1 1 
Е =+ 
35 (à) —3 (Bi 3 


Domains of f and g » f: all real numbers x except x = 0 
Domain of g: all real numbers x 
Domain of f° g: all real numbers x except x = —3 


49. Sample answer: f(x) — EM g(x) = -x 
1 
51. Sample answer: f(x) = Jx, g(x) = 
xX +1 


53. (а) Т = ix + їл? 


(b) 
300 
€ 250 T 
E s 
Eg 2% Е 
о р 
150 
ЕБ 
=~ 100 r 
A 50 


10 20 30 40 50 60 
Speed (in miles per hour) 
(c) The braking function B(x); As x increases, B(x) increases 
at a faster rate than R(x). 
bi) = d(t) 
p() 
c(20) is the percent change in the population due to births 
and deaths in the year 2020. 


87. (a) r(x) = | (b) A(r) = a? 


(с) (Ae r(x) = «(1 


(A » r)(x) represents the area of the circular base of the 
tank on the square foundation with side length x. 

59. False. (f° g)(x) = бх + 1 and (g ° f)(x) = 6x + 6 

61. (a) Sample answer: f(x) =x + 1, (х) =x +3 


55. (a) c(t) = 100 


(b 


— 


(b) Sample answer: f(x) = x?, g(x) = x? 
63. Proof 
65. Proof 
67. Symmetric with respect to x-axis 
69. Symmetric with respect to y-axis 
71. 1 73. 


у 
А 


Neither 


77. у= х2 – 1,х > 0 79. An(r + 1) 
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Section 1.9 (page 90) 

1. inverse 3. range; domain 5.x 7. One 
9, f(Q-lk 1.f(9- 
13. fx = Yx—-1 15. fix) = /x 4 


17. f(g(x)) = f(Ax + 9) = mE m 


(Хо) = Е 5 2) = 4" | 2) t9=x 
Ba) 


3 


19. Ke) =) = = x 
eue = (3) = УА(Җ) == 
21. A 


23. (a) f(g(x)) =/(х+5)=(х+5)—5=х 
(fE) = а(х – 5) = (х – 5) +5 = х 


(b) 


25. a) ув) - (E52) = (E52) +1=‹ 


(b) 


27. (a) fee) = f(/3) = (32) = x 
elf) = б?) = 3/69) = x 
(b) y 


% 
441—4 


Answers to Odd-Numbered Exercises and Tests 


29. (a) f(g(x)) = ЈО? 


31. 


33. 
35. 


37. 
41. 


45. 


5) = J? -5)+5=x%,x20 


(Л) = «(/х +5) = (Vx +5) —5 =x 
(b) A 
ПИР AE 1o x 
-8 -6 -4 -2 f 4 6 8 
2628 
5х + 


(а) Fe) =/( х : " 


x—1 (== 
— +5 
x—1 
Enn fad Re rat NN 
—5x-1+5x—-5 
x—1 -s(==) l 
eue» = (E51) = ——* 
= 1 
х +5 
= х9: 5 
І л йо i 
(b) А 
tb X 
64 
i 
241 f 
-10-8-6! 7 746810 
g І 
К 
Мо | 
3t 3 5 7 9 | 11 | 13 
f6)|-1/|0 1 2 3 4 
Yes 39. No 
12 43. 6 
-6 
-10 4 
=2 -6 


The function does not have 
an inverse function. 
(à f^ (X) = 9х + 2 (b) 
(c) The graph of f~! is the 
reflection of the graph 
of f in the line y = x. 
(d) The domains and ranges 
of f and f~! are all real 
numbers x. 


A85 


The function does not have 


an inverse function. 
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A86 Answers to Odd-Numbered Exercises and Tests 


АТ. (a) f(x) = /4—x 0sxz2 55. No inverse function 57. g (x) = 6x — 1 
2.—. 
(b) А 59. No inverse function 61. f^ (x) = = 2 = x20 
зт 5х — 4 
-1(x) = —1(у\ = = 
63. f-(x) s pg f (x) = x-3 
67. No inverse function 
x — 10 
9, = 
69-69 q^ ys 
rx x = hourly wage; y = number of units produced 
i (b) 19 units 
(c) The graph of f~! is the same as the graph of f. x+1 х+1 
(d) The domains and ranges of f and f~! are all real numbers 71. 2 73. 2 75. 32 77. 472 
x such that 0 = x = 2. 79. 2 х +3 81. False. f(x) = x? has no inverse function. 
Е 4 83. 
49. (а) f (0) = = e. ВЕНЕ х 112 (6 |7 
(b) N у|1|2|6|7 f@|1/ 3/4 / 6 
4 
3 y 
2 А 
1 8T 
—1—+ t > x 
-3 -2-1 L2 3 4 ві 
-2 
=3 ат 
2l 
(c) The graph of f^! is the same as the graph of f. 
(d) The domains and ranges of f and f~! are all real numbers DE E NE 
x except == ү (b) ш |, 
51. (a) fx) = 27 
xc 
4 =1 
(b) y y 3 0 


i The graph of f does not pass the Horizontal Line Test, so 
| f^ (x) does not exist. 

! 85. Proof 

| + + >x 87. 10 There is an inverse function 

| f Mx) = Vx — 1 because the 

| domain of f is equal to the range 
iy of f^! and the range of f is equal 


E ^ to the domain of fh 
(c) The graph of f~! is the reflection of the graph of f in the =2 
line у = х. 89. у = —(x — 6)(х — 4) 91. y = —(x — 9)(х — 4) 
(d) The domain of f and the range of f~! are all real numbers 93. Increasing оп (2, со) 95. Increasing on(—©9, — 1), (1, оо) 
x except x = 2. The domain of f^! and the range of f are Decreasing on (— o, 2) Decreasing on (— 1, 1) 
all real numbers x except x — 1. 97. Relative minimum: (0, —3) 
53. (a) f(x) = x3 +1 Relative maximum: (2, 0) 
b У 
и Aje Section 1.10 (page 100) 
4T 1. sum; squared differences 3. correlation coefficient 
5. z varies jointly as x and y; z is jointly proportional to x and y. 
7. (a) / (b) The model is a good 
166 + fit for the data. 
| 2 1644 
S > 162+ 
5&4. BS 1604 
ШЕ 1584 
(c) The graph of f~! is the reflection of the graph of f in the E E 156 4- «* 
line y = x. z 1547 
(d) The domains and ranges of f and f~! are all real numbers x. i А 


123456789 
Year (1 & 2011) 
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9. 1 
s+ 
a 
a+ 
14+ 
Р ee 
у= 1х +3 
у 
п. | 
sd. 
4+ 


у = -x +4 
15. (a) and (b) 


y 


(in seconds) 
ta 
a 


54 
53 


t 


Winning times 


Ф 9 PEPPY 
Year (88 «> 1988) 
Sample answer: у = — 0.0807 + 61.94 
(с) у = —0.083т + 62.30 
(d) The models аге similar. 
17. y = 7x 
23. 


19. у= —}х 21. y = 2zx 


x 2|4 6 8 10 


y=x | 4 | 16 | 36 | 64 | 100 


A 

100 + e 

80+ 

60 - Ы 

404 e 

204 e 
. + > X 
2 4 6 8 10 


Answers to Odd-Numbered Exercises and Tests 


25. 


27. 


29. 


31. 


37. 


43. 
47. 


49. 


55. 


59. 


61. 
63. 


A87 


x 214 6 8 10 
y= 5x3 | 4 | 32 | 108 | 256 | 500 
А 
500 T e. 
400 
300 + 
е 
200 
1007 е 
e 
e + + mx 
2 4 6 8 10 
x 2|4|6|8 [|10 
2 1 I 1[1 1 
2 2/3}4] 5 
| 
lT LJ 
aN 
a} 
5 
LJ 
21 
р ° 
> 4 6 8 m ` 
х 21416 8 10 
2201515 |5 5 1 
Уе 12]|8]|18|32 | 10 
3 
A 
51 e 
24 
EH 
T 
1] ° 
2 e A 
а 
2 4 6 8 10 
5 T 
у= 33. y= тх 35. A = kr? 
k kg 
= > 9, F= 41. R= K(T - T, 
у= 9 2 (T-T) 
Р = КМ 45. у is directly proportional to the square of x. 
A is jointly proportional to b and Л. 
y = 18x я. у= 5 53. 2 = 2ху 
_ 18x 


Р= = 57. 1= 0.035P 


Model: у = s 25.4 cm, 50.8 cm 
2931 N 
About 39.47 Ib 


Copyright 2022 Cengage Learning. АП Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 


Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Т AALdAVHO 


A88 Answers to Odd-Numbered Exercises and Tests 


65. (a) 9. 
I2 —1 0 1 | 2 314 
© 
2 у| 4 |o |-2 | -2|0]|4 
я 
E À 
= 
500 1500 2500 3500 
Depth (in meters) 
(b) Inverse variation -3-2-1 \ 5 
(c) About 4919.9 24 
(d) 1640 m -34 
67. About 0.61 mi/h 11. x-intercept: (—7, 0) 13. x-intercepts: (1, 0), (5, 0) 
69. (a) 200 Hz (b) 50Hz (с) 100 Hz y-intercept: (0, 7) y-intercept: (0, 5) 
71. True. If y = kx and x = K;z, then у = K(;z) = (ДК). 15. x-intercept: (, 0) 17. x-intercepts: (= 6, 0) 
73. False. л is not a variable. y-intercept: (0, 1) y-intercept: (0, 6) 
75. True. f(2) = (2 — 2)p(2) = 0 No symmetry y-axis symmetry 
-x-1 2x? + 3x + 15 y y 
77. 3 1 
5x—4 (x = 1)(х + 3) ah 
4 
81. зох + 17 + — 3 83. Yes; АП real numbers х 
85. No 87. Yes; All real numbers x such that x 2 —5 
: : m 
Review Exercises (page 106) mer 
p 
1. j 
e 6+ 
e. 
^T 19. x-intercept: (3/—5, 0) 21. x-intercept: (—5, 0) 
: И! y-intercept: (0, 5) y-intercept: (0, J5) 
+ t Ц + + Хх 
Lac TE No symmetry No symmetry 
e y y 
-gl 
e. 
Al 
3. Quadrant IV 
5. : Distance: 3/13 
(-2,6)@ 6+ Midpoint: (1, 3) 
NI ici 3a И 
24 
— — PG 23. Center: (0, 0) 25. Center: (—2, 0) 
Е NT Ts is Radius: 3 Radius: 4 
ә (4,-3) y y 
-4 A A 
47 64 
7. 
I2 —2 | —1 0 1} 2 
y |-11| -8 | -5 |-2] 1 | ver T 
-4 -8 4 
14 
m >x -4+ -6+ 
35 205 el 3 7 
FET 27. (x — 2} + (y + 3)? = 13 
-24 
-34 
44 
-5 
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29. 


1 
m= -3 


y-intercept: (0, 1) 


+ 
m= —1 
1 
year 7] 
P 
А 
al 
2+ 


23 


Answers to Odd-Numbered Exercises and Tests 


31. n — 0 
y-intercept: (0, 1) 


y 


37. у= 1х 7 


73. (а) f(x) = x 


(b) Reflection in the x-axis and an upward shift of four units 


(с) 1 


n 

104- 

gt 

64 

4 

TN 
————— s 
2 4 6 8 10 


(d) h(x) = —f() +4 
75. (a) f(x) = х2 


(b) Reflection in the x-axis, a left shift of two units, and an 


upward shift of three units 


Т AALdAVHO 


39. (a) y=% 2 (b) у= -ir +2 
41. S = 0.80L 43. Not a function 45. Function (d) h(x) = —f(x + 2) +3 
47. () 5 (b 1 (о +1 @er+24+2 77. (а) f) = bel 
49. All real numbers x such that -5 = x = 5 51. 16 ft/sec (b) Reflection in the x-axis and an upward shift of six units 
53. 4x + 2h +3, h#0 55. Function 57. L 3 (с) | 
59. 5 Increasing on (0, oc) о 
Decreasing on (— оо, — 1) ео 
69-0 
Constant on (— 1, 0) st eo 
4L ео 
-5 4 34 e-o 
24 ео 
^ 14 e-o 
Poe x 
61. Relative maximum: (1, 2) 63. 4 -3-2-1 $ 1 2 3456 @0 9 
А -2- e-o 
65. Even; y-axis symmetry 34 e 
67. (а) f(x) = —3x 69. H (d) h(x) = —f(X) +6 
(b) А + 79. (a) f(x) = bd 
3+ (b) Right shift of nine units and a vertical stretch 
2} © 3 
1 25- eo 
x + + { { { i > x 204 eo 
-1 12 345 ~~, 154 eo 
E 104- eo 
E 54 eo 
reo » Х 
-2 2.4 6 10 12 14 
EE eo 
71. (a) f(x) = х2 (b) Downward shift of nine units -10+ eo 
(d) h(x) = f(x) — 9 TaT a 


(d) AG) = Sf — 9) 


ight 2022 C 
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A90 Answers to Odd-Numbered Exercises and Tests 


81. (а) 32 + 2х+2 (b) 32 -2x £4 Chapter Test (page 109) 
(с) 2x3 — х2 + 6x — 3 
om А 1. у 2. V(h) = 16лһ 
(а) Ути E all real numbers x except x — 2 (2,56 
е э 
83. (а) x -$ (Б) x-8 ы 
Domains of f, g, f° g, апа g ° f: all real numbers x 34 5s. 
85. f(g(x)) = 0.95x — 100; (f° g)(x) represents the 5% discount 2 БЯ 
before the $100 rebate. zi uu Else 0) 
x—8 -2-1 12345289 
7. f^) = t 
87. f (x) 3 al 
А0) = a( 3 £) E х= Midpoint: (2,3); Distance: „/89 
ax48-—8 3. x-intercept: G, 0) 4. x-intercepts: (+4, 0) 
f We iz IE y-intercept: (0, 3) y-intercept: (0, 4) 
89 6 No symmetry y-axis symmetry 
—5 7 


-2 


Not one-to-one 
91. (a) f^ !(x) = 2x + 
(b) › 


h 
E/S 
67. 5. x-intercepts: (+1, 0) 
А Р y-intercept: (0, — 1) 
| a y-axis symmetry 


-6+ 


-84 
-104 

(c) The graphs are reflections of each other in the line y = x. , 

(d) Both f and f^! have domains and ranges that are all real -4 


numbers x. 


93. x > 4; = Era sno 


95. (a) and (b) 
37 7. 


С = 0.53t + 26.5 
The model fits the data well. 
97. 909 pastries 
99, True. If f(x) = x3 and g(x) = 3/x, then the domain of g is all 
real numbers x, which is equal to the range of f, and vice versa. 9. (a) y= -$y +4 (у= Z +4 


1 1 Sx 


10. @ =z © — Sm 
11. x € 3 


(1, -7) 
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14. 


16. 


17. 


18. 


Answers to Odd-Numbered Exercises and Tests 


13. (a) 0,3 
(b) 10 (b) 10 


-2 —10 
(c) Increasing on (—5, 00) (c) Increasing on (— oo, 2) 
Decreasing on (2, 3) 


(d) Neither 


Decreasing on (— 00, — 5) 
(d) Neither 
(a) 0, +0.4314 15. 
(b) 01 


44—44 


xt Me nn 
-107 
Е 201 
(c) Increasing on (— 0.31, 0), E. 
(0.31, оо) T 
Decreasing оп (— оо, — 0.31), 
(0, 0.31) 
(d) Even 
(a) f(x) = [51 (b) Vertical stretch 
(с) N 
10 
1 eo 
64- 
L eo 
pe digs >x 
-4 -23| 2 4 
eo 
6d 
od 
-104 


(а) y= Vx 


(b) Left shift of five units and an upward shift of eight units 


(c) y 
А 
14+ 
12+ 
el 
al 
al 
+—+—+ ++ +++} +> x 
-8 -6 -4 -2 | 2.4 6 8 
(а) у= 


(b) Reflection in the x-axis, a vertical stretch, a right shift of 
five units, and an upward shift of three units 


() | 


-nw RoUO ч 
4 


А91 


19. (а) 232 —4x — 2. (b) 42 + 4х — 12 
(c) —3x* — 12:8 + 22:2 + 28x — 35 
32-7 
@ =x — 4х + 5 
(е) 3x* + 24х3 + 18x? — 120x + 68 
(f) —9x4 + 3032 — 16 
3/2 — 23/2 
20. (a) 1+ 2x ) 1 —2x 
x x 
2 /x 1 
(c) EE (d) 55372 
x 2/x 
(е) ES «y 25 
x x 
21. £^ (x) = 3x — 8 22. No inverse 
23. f£ (0 = (4x), x20 24. у= 6s 
5 48 
25. A — 6 26. = oa 


Problem Solving 
1. 


(page 111) 


(а) W, = 2000 + 0.075 (b) W, = 2300 + 0.055 
(c) 5,000 
(15,000, 3050) 
0 30,000 
0 


Both jobs pay the same monthly salary when sales equal 
$15,000. 
(d) No. Job 1 would pay $3400 and job 2 would pay $3300. 


. (a) The function will be even. 


(b) The function will be odd. 
(c) The function will be neither even nor odd. 


5. fx) = а" + ap XT? + + + ax? + ay 
f( x) = a X zd a, X x EIUS 
+ a,(—x)? + а, 
= f(x) 
7. (a) 81h (d) y 
3 wi 4000 
(b) 25; a m 
= = 3000 
(с) y= x + 3400 = 2500 
3 2000 
| 245 8 1500 
Domain: 0 х < ET A Ps 
Range: 1300 < y < 3400 30 60 90 DO 150 — 
Hours 
9. (а) (fg) = 4x +24 (Б) (fog) (x) = ix- 6 


(c) fz) = 358716) = х— 6 
(d) (g^! ° f)(x) = ix — 6; They аге the same. 
(е) (fe g(x) = &? + (fog) () = 39x — E 
Р) = x — 1 71) = ix 
(7 f7)9 = hea I 
(f) Answers will vary. 


(в) (fog) (х) = (g ! ef YQ) 
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Answers to Odd-Numbered Exercises and Tests 


п. (a) А (b) А Сһартег 2 
3+ 3+ 
acl al Section 2.1 (page 120) 
Іт b — 1. nonnegative integer; real 3. Yes; (4, 3) 
E. ы e ux rr Rd 5. b 6. a 7. c 8.d 
-1 €———— -1+4 9, (а) y (b) y 
——— _21 
34+ -34 
(c) у (d) у 
зт 34 
2+ 2+ 
1+ — 
mr $$} fate х 
-3 -2 = 1 2 3 EN 5 11023 Vertical shrink and а 
21 ES reflection in the x-axis 
=3 + -34 (с) (а) i 
e 
(e) А (f) у " 
3+ 3+ 24 
+ —ÓÀ + {— x 
2 4 6 
1+ 1+ oo 
Ee m H 
-3 -2 -1 1 2 3 -3 -2 -1 1 2 3 
-1+ -14 
sem Ki Vertical stretch Vertical stretch and a 
= =a reflection in the x-axis 
13. Proof п. @ 2 (b) 
15. 
om -4 | -2 |р a 
nM -4 -2 0|4 
(b) 
bo —3 =2 0 1 3i + d h + pes 
GEDA] 5 | 1 | -3 | -5 | 
Right shift of one unit Horizontal shrink and an 
(c) upward shift of one unit 
x —3 | -2 |0 1 ; 
(c) › (d) 
ОӘО | 4 | 0 |2|6 "i 
——— ——————— —— 6+ 
а al 
op -4|-3]|0|4 $ 
I] 2 1 1.3 
o om 


Left shift of three units 


Horizontal stretch and a 
downward shift of three 
units 
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13. у) = (x – 3-9 15. h(x) 


y 


A 


Answers to Odd-Numbered Exercises and Tests A93 


= (х— 4)? 


ү pe 
аф 
-6L 
=E i >x 
-104 -4 12 16 
Vertex: (3, —9) Vertex: (4, 0) 
Axis of symmetry: x = 3 Axis of symmetry: x = 4 
x-intercepts: (0, 0), (6, 0) x-intercept: (4, 0) 
17. f(x) = (х = 3} - 7 19. f(x) = (x + 6)? +4 
i ^ 
104+ 
84 
61 
n 
ot 
2 > 4 6 8 0 
22 
Vertex: (3, —7) Vertex: (—6, 4) 
Axis of symmetry: x — 3 Axis of symmetry: x — —6 
x-intercepts: (3 xo, 0) No x-intercept 
21. fo) = -(x- 1) 1 23. f@) =-@- 1? + 6 
у À 


64 


d И > Х 
1 
Vertex: (5, —1) Vertex: (1, 6) 
Axis of symmetry: x — Axis of symmetry: x = 1 
No x-intercept x-intercepts: (1 + /6, 0) 


25. h(x) = 4(x — £ + 20 


Vertex: (3, 20) 
Axis of symmetry: x = i 
No x-intercept 


27. 


31. 


35. 
39. 


43. 


47. 
49. 


. b= +10 т. fla) = dx: ү- 


5 29. 14 
-8 7 
-48 12 
-5 -6 
Vertex: (— 1, 4) Vertex: (—4, —5) 
Axis of symmetry: x = —1 Axis of symmetry: x = —4 
x-intercepts: (1, 0), (—3, 0) x-intercepts: (-4 + oJ, 0) 
2 33. as 
-8 9 
-8 4 
=10 =й 
Vertex: (3,0) Vertex: (—2, —3) 
Axis of symmetry: x — 3 Axis of symmetry: x = —2 
x-intercept: (3, 0) x-intercepts: (-2 + /6, 0) 
f(x) = (x + 2)? - 1 37. f(x) = (х + 2)? +5 
fi) =4x- 12-2 41. f(x) = (х – 5)? + 12 


М) = -p+ +3 45. (—1,0),(3,0) 
(73.0), (3, 0) 
4 51. 10 
-4 12 
-4 8 
-4 -40 
(0, 0), (4, 0) (—2, 0), (10, 0) 
.(a f()-:2-9 55. (a) f(x) = x? - 2x + 1 
(b) g(x) = -x2 + 9 (b) g(x) = -xX +1 
. 55,55 59. 12,6 61. 16 ft 63. 20 fixtures 
yes => x) 


(b) x = 25 ft, y = 334ft 


. True. The equation has no real solutions, so the graph has no 


x-intercepts. 
Дас — b? 


4a 


b 2 


2a 


. (а) 3x (b) Degree: 4; Leading coefficient: 3 


(c) Monomial 


. (а) —4x? +x +1 (b) Degree: 2; Leading coefficient: —4 


(c) Trinomial 


. (a) -298 + ix (b) Degree: 3; Leading coefficient: —29 


(c) Binomial 


.»?—10y +9 81. x — 3x3 — 98 + 10x + 6 
. x-intercept: (—2, 0); y-intercept: (0, 4) 
. x-intercepts: (2, 0), (6, 0); y-intercept: (0, 2) 


Section 2.2 (page 132) 


1. 
7. 


continuous 3. touches; crosses 5. No 


F) >0 
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А94 


9. 


11. 


13. 
19. 
21. 
23. 
25. 
27. 


а) > (b) 
44+ 
34 
1 
з [12 Jis. 
iM 
-4+ 
(d) 
+> x 
4 
(a) › (b) 
54 
54 
44 
34 
" 
i—} —— 1————- + 
-5 -4 -3 -2 -1 | 12 
= 
(c) y (d) 


c 14. f 15. a 16. e 
Falls to the left, rises to the right 
Falls to the left and to the right 

Rises to the left, falls to the right 
Rises to the left and to the right 

Rises to the left, falls to the right 
31. 


Answers to Odd-Numbered Exercises and Tests 


33. (a) +6 35. 


(b) Odd multiplicity 
(c) 1 
(d) 


] 
N 
q | 
ю 
П 
o 
0 E 
m o 
ю 


-42 
37. (a) —2, 1 39. 
(b) Odd multiplicity 
(c) 1 
(d) 


| 
o 

| 

A A 
o 


41. (a) 0,2 + 3 43. 


(b) Odd multiplicity 
(c) 2 
(d) 24 


| 
o 
| 
œ 
o 
| 
© 
| 
o o 
© 


45. (a) No real zero 47. 


(b) No multiplicity 
(c) 1 
(d) 


№ 


П 
o 


| 
N 
| эк 
= N 
| 
© 
o 


o 


49. 


~ 
fo 
© 


(b) and (c) 0, 3 
(d) The answers are the same. 


53. f(x) = х2 — 7x 

55. f(x) = x + 6x? + 8x 
57. f(x) = х^ — 4x3 — 92 
59. у(х) = 32 - 2x- 1 
61. f(x) = х — 62 + 7x2 
63. f(x) = х2 + 6x +9 
65. f(x) = 33 + 4x? — 5x 
67. f(x) = х* + x3 — 15x? 


36x 


51. 


23x 


(a) 3 
(b) Even multiplicity 
(c) 1 
(d) 


(a) 0,1 + 2 

(b) Odd multiplicity 
(c) 2 

(d) 


(a) 0, +3 
(b) 0, odd multiplicity; 
+ V3, even multiplicity 
(c) 4 
(d) 


(a) +2, —3 

(b) Odd multiplicity 
(c) 2 

(d) 


| 
о 


| 
o 
А =. 1 
o A 
o 


ч 


~ 
© 
- 


(b) and (c) 0, +1, +2 
(d) The answers are the 
same. 


10 
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Answers to Odd-Numbered Exercises and Tests A95 


69. (a) Rises to the left and to the right 79. (a) Falls to the left, rises to the right 
(b) Nozeros (c) Answers will vary. (b) —2,0 (c) Answers will vary. 
(d) А (d) ; 


N 
А 


н н А t 
-4 -2 2 4 
71. (a) Falls to the left, rises to the right 81. (a) Falls to the left and to the right 
(b) 0,5, —5 (c) Answers will vary. (b) +2 (c) Answers will vary. 
(d) y d y 
@ 20 |] e0 i 
-3 zi | ug 
73. (a) Rises to the left and to the right 83. 32 85. 14 
(b —2,2 (с) Answers will vary. 
| -6 6 
-12 18 
-382 -6 
p Zeros: 0, +4, Zeros: —1, 
8 odd multiplicity even multiplicity; 
3; 2, odd multiplicity 
87. (a) [- 1, 0], [1, 2], [2, 3] 
(b) —0.879, 1.347, 2.532 
75. (a) Falls to the left, rises to the right 89. (a) [-2, — 1], [0, 1] 
(b) 0,2,3 (с) Answers will vary. (b) —1.585, 0.779 
(d) А А 91. (a) V(x) = x(36 — 24)? 
6 (b) Domain: 0 < x < 18 
5 
4 
3 
(0,0). о, оф [G.0 
р == + |> 
Cup! ids 6 in. x 24 in. x 24 in. 
=2 (d) 3600 
77. (a) Rises to the left, falls to the right 
(b —5,0 (с) Answers will vary. 
(d) T 
0 18 
0 
А х = 6; The results аге the same. 
Ё 93. x == 200 


95. False. The graph will always cross the x-axis. 

97. True. A polynomial function falls to the right only when the 
leading coefficient is negative. 

99. False. The graph falls to the left and to the right or the graph 
rises to the left and to the right. 
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А96 Answers to Odd-Numbered Exercises and Tests 


101. Answers will vary. Sample answers: 33. 2— 8x + 64, x+ —8 35. 4x2 + 14x — 30, x 
a, < 0 a, > 0 37. f(x) = (x ^ 362 + 2x — 4) – 5, f(3) = —5 


39. f(x) = (x 2)(15x3 6x + 4) + S il 2) =# 
41. (а) -2 (b) 1 (с)36 (d5 
43. (а) 15 (b) 240 (c) 695 (а) 56,720 
2. 45. (x + 3)(x + 2)(x + 1); Solutions: —3, – 2, — 1 
4 5 47. (2х — 1)(х — 5)(х — 2); Solutions: 5, 5,2 
49. (x КЄ AB) + 2); Solutions: — /3, V3, —2 
51. (a) Answers will vary. (b) 2x — 1 
| | (с) f(x) = (2х – Dx + 266-10) (05-21 
The x-intercepts of the graphs are the same. The first graph (e) 7 
falls to the left and to the right. The second graph rises to the 
left and to the right. The second graph is a reflection of the 
first graph in the x-axis. 
103. 1 -6 6 
E 
53. (a) Answers will vary. | (b) x + 7 
© ЈО) = @ + 20x + DG3x-2) (d -7,-33 


N= 


(e) 320 
: » Х 
-9 3 
(a) Upward shift of two units; Even -40 
(b) Left shift of two units; Neither 55. (а) 2, +2.236 (b)2 
(c) Reflection in the y-axis; Even (c) f(x) = (x 2)(х J5)(x H 5) 
(d) Reflection in the x-axis; Even 57. (a) 0, 3, 4, +1414 (b) 0 
(e) Horizontal stretch; Even (f) Vertical shrink; Even (c) A(x) = x(x — 4)(x 3)(x H J2)(x 2) 
= y . i = 16. 3 
(g) g(x) = x, х > 0; Neither (h) g(x) = x!5; Even 59, 2x2 — x — l, x #2 
105. 27 107. 565 109. 281% 111. 3n? + Зп — 1 61. (a) 3200000 (b) $250,366 
113. 5х2 + 7x +4 115. —2 + 5i 117. 21 — 52i (c) Answers will vary. 
Hg. ЕЕ 
Section 2.3 (page 142) : P" 
—400,000 
1. Ais dividend; d(x): i 63. False. —4 is a zero of f. 
ах Patient и ене 7 65. True. The degree of the numerator is greater than the degree 
3. proper 5. synthetic division 7. Answers will vary. : 
9. (a) and (b) of the denominator. 
е 67. k= —1,пої1. 69. x” + 6х" +9, х" 4 –3 
71. с= 210 73. к=7 75. 2 77.4 
Е : 79. -3,3 81. +5,1 83. +./2,0,5 85.2 + 51 
87. 1-61 89. +1 91. –1 + 6i 
5 
oN = 93. 1 + »5 95. (x^ + y")(x" — y") 
(c) Answers will vary. 97. Sample answer: x? — 3 
1 
Dh 13. 2x + 4, x 2 -3 Section 2.4 (page 150) 
х +9 
15. Х%\+3х°—1,х=—2 17. x — PE 1. /-1;-1 3. (а) й (Ы) ій (oi 
2—11 5. —2 + 4i 7.a—-9,b = 8 
.2x—8 + „ 2x7 – 2х + : 
Rea a rro ФЬ2 ды 9.7-4i 1.1  143-34J2i 15. —12 * 9i 
23. 6x2 + 25x + 74 4 248 25. 4x2 — 9, ag -2 17.5+i 19. 108 + 12i 21. 11 CN 84i 
x—3 $i 25. 85 27. 6 29. 20 31. 7 33. т tui 
27. - + 10x-25,x#-10 29.33 4x4 — 35. 2 + i 37. –4— 91 39. — ia — тті 
1360 41. -2,3 43. 15 45. 72i 


3 д 2 4 П П 
icc ат. (21+5/2)+(7/5-3V10)i — 49.1-i 
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51. 


57. 


61. 
63. 


65. 


67. 
69. 
75. 
79. 
83. 
87. 


Answers to Odd-Numbered Exercises and Tests 


-2zii 53, ЕТЕУ 55, 2 + J2i 
5_ 5/13 53 33 
REN | — = ‚ _ 95 | 
2*5 74,1 59.7, =5 + 2i, z, = 3 — 4i,z 17 34 
False. Sample answer: (1 + i) + (3 - i) = 4 + 2i 
True. x^ — x? + 14 = 56 
9 
(-i/6)* — (-i./6P + 14 = 56 
? 
36 * 6 + 14 = 56 
56 — 56 
i, -1, —i, 1, i, — 1, — i, 1; The pattern repeats the first four 


results. Divide the exponent by 4. 

When the remainder is 1, the result is i. 
When the remainder is 2, the result is — 1. 
When the remainder is 3, the result is — i. 
When the remainder is 0, the result is 1. 


—64/—-6 = 6i. /6i = 6i? = — 
Proof 71. 3x*(x + 4)(x — 4) 73. (x = 3)(x? + 3) 
3x(2x + 3)(x — 6) 77. (x + D(x = DG2 — 2) 
(3x + 1)(3x — D(x + 2)(x — 2) 81. а)4 (2 
(a 0 (b)0 85. (а) 25 (b 25 
(a0 (b)0 89. (a)0 (b4 


Section 2.5 (раде 162) 


1. Fundamental Theorem of Algebra 3. Rational Zero 
5. five, three, or one 7. 3 9. 5 
11. 2 13. +1, +2 
15. +1, +3, +5, +9, +15, +45, +1, +3, +3, +3, +15 +% 
17. -2, -1,3 19. No rational zeros 21. —6,—1 
2 3 19 
23. —1,$ 25. —2,3, +% 271,544" 
3 ‚2 9; 3 's 5 
29. —3,1,—2 + J8 
31. (a) +1, +2, +4 
(b) 4 (с) -2, -1,2 
ar 
33. (a) +1, +3, +4, +3, +4, +3 
y 1 
(b) i (с) —2, 1,3 
ALL 
"anre 
-4 
-6+ 
35. (a) +1, +2, +4, +8, +1 
(b) в (с) —51,2,4 


37. 


39. 
41. 
43. 


45. 
47. 
49. 


51. 


53. 
59. 
61. 
63. 
65. 
67. 
69. 
71. 
77. 
79. 
81. 
83. 
85-87. Answers will vary. 
93. 
97. 


99. 


101. 


(а): 3f 3 = жо xu ы Ha ei Su E EE E, 
(b) в © 1,4—8 
E 3 
-2 
Р) = х — x + 25x — 25 
14x? — 16x + 8 


) 
f(x) = x^ — 63 4 
f(x) = 3x4 — 113 + 2532 + 23x — 22 
f(x) = 2x4 + 2x3 — 2x7 + 2x 4 
fa) = х +x? — 2x + 12 
(a) (х2 + 4)(? — 2) 
(b (2 + (x + J2)x – V2) 
(c) (x + 2i)(x 2i)(x | J2)(x 
(a) G2 — 6)(x? — 2x + 3) 
(b) (x + /6)(x — /6)(x2 — 2x + 3) 
(с) (x + Je)(x — /6)(x — 1 — /2i)(x 1+ 2i) 
-2i1 55.2,342i 57. 83,1 + /2i 
(x + 6i)(x — 6i); +6i 
(x —1— 40(х — 1 + 4i; 1 + 4i 
(x = 2)(x + 2)(x — 2i)(x + 2i); +2, —2i 
z-1+òz-1-i;li 
(x + Dx-2-4i(x-2-i) 
(x = 2)2(х + 2i)(x — 2i); 2, +21 
-10,-7+5i 73.-31+5 —75.— 


One positive real zero, no negative real zeros 


~) 


1,2 +i 


No positive real zeros, one negative real zero 

Two or no positive real zeros, two or no negative real zeros 
Two or no positive real zeros, one negative real zero 

89. $, +1 
+2,+3 95. +1,4 


(a) _ 1s 


(b) V(x) = x(9 — 2x)(15 — 2x) 
Domain: 0 < x < 3 


(c) T 


125 


м 


100 


79 


50 


Volume of box 


25 


Length of sides of 
squares removed 


1.82 cm x 5.36 cm x 11.36 cm 
(d) Е A 8; 8 is not in the domain of V. 
(a) V(x) = x3 + 9x? + 26x + 24 = 120 
(b) 4 ft x 5 ft x 6 ft 
False. The most complex zeros it can have is two, and the 
Linear Factorization Theorem guarantees that there are three 
linear factors, so one zero must be real. 
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103. ri, 75, r3 105. 5 +7,,5+7,,5 +r 19. (a) Domain: all real numbers x except x — —4 
107. The zeros cannot be determined. (b) y-intercept: (0, -i) 
109. Answers will vary. There are infinitely many possible functions (c) Vertical asymptote: x = —4 
for f. Sample equation and graph: Horizontal asymptote: y = 0 
f(x) = —2x3 + 3x? + 11x - 6 (d) | 
y f at 
| M 
| 24 
ME ZU 
4 Е ——1—{ t 
(-2, 0) (3, 0) speres 
Ld o ; $n | 


21. (a) Domain: all real numbers x (b) Intercept: (0, 0) 


111. = 02 – 302 +45 — 2 
РО) = x – 3x id (c) Horizontal asymptote: y — 1 


113. The function should be 


d у 
F) = (хк + 2)(х — 3.5)(х р. @ \ 
115. -7«x«7 117. -3<x<3 Я! 
-7 7 E 2+ 
ML—————3o—e:x 2 
-8-6-4-2 0 2 4 6 8 10 -E > ааа ee 


e8 22 -1 0 d 2 3 


119. -1 <x « 3 йш =н ЕЕ р 

-3 -2 -1 0 1 2 3 -i4 
121.4 123. 15 125.8 127.-3 129.3 
131. —$ 133.3 


23. (a) Domain: all real numbers s (b) Intercept: (0, 0) 
(c) Horizontal asymptote: y = 0 


Section 2.6 (page 175) (4) | 
at 

1. rational functions 3. Vertical asymptote 34 
5. Domain: all real numbers x except x = 1 2T 
11 


Р) 5 —oo as x 17, f(x) оо asx 1+ 
7. Domain: all real numbers x except x = +1 
f(x) 5 00 as x O —1- and as х 1+, -24 
Р(х) ә —oo as x O —1* and as x 17 -3+ 
9. Vertical asymptote: x = 0 


5 


tt 
40.02 3 4 


Horizontal asymptote: y = 0 25. (a) Domain: all real numbers x except x = 4, —1 


11. Vertical asymptote: x = 5 (b) Intercept: (0, 0) 
Horizontal asymptote: y = —1 


ll 


(c) Vertical asymptotes: x = —1,x = 4 


13. Vertical asymptote: x Horizontal asymptote: у = 0 


| 1 (d) | 
Horizontal asymptote: y — 5 Al 


15. Vertical asymptote: x — 


11 юк ee 


17. (a) Domain: all real numbers x except x = —1 
(b) y-intercept: (0, 1) 
(c) Vertical asymptote: x = —1 E 


Horizontal asymptote: y — 0 


(d) E 


1 
1 
1 
1 
1 
i 
1 
| yyy x 
i 
1 
1 
1 
1 
1 
1 
1 
1 


its Rese 
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27. (a) Domain: all real numbers x except x = +4 39. (a) Domain of f: all real numbers x except x — —1 
(b) y-intercept: (0, 1) Domain of g: all real numbers x 
(c) Vertical asymptote: x = —4 (b) 1 (c) Because there are only a 
Horizontal asymptote: y = 0 T я finite number of pixels, 
(d) y the graphing utility may 


not attempt to evaluate the 
function where it does not 
=e exist. 


41. (a) Domain of f: all real numbers x except x = 0, 2 
Domain of g: all real numbers x except x = 0 


(b) 2 (c) Because there are only a 
uu finite number of pixels, 
25 3 the graphing utility may 
29. (a) Domain: all real numbers x except x = —1,5 М n attempt to evaluate the 
А s unction where it does not 
(b) x-intercept: (—5, 0) - MI 
y-intercept: (0, 5) 
(c) Vertical asymptote: x = —1 43. (a) Domain: all real numbers x except x = 0 
Horizontal asymptote: y — 1 (b) x-intercepts: (+2, 0) 


(d) (c) Vertical asymptote: x = 0 


Slant asymptote: y = x 
(d) › 


31. (a) Domain: all real numbers x except x = 2, —3 


(b) Intercept: (0, 0) 
(c) Vertical asymptote: x = 2 45. (a) Domain: all real numbers x except x = 0 
Horizontal asymptote: y = 1 (b) No intercepts 
(d) y (c) Vertical asymptote: x = 0 
A 
eli 4 Slant asymptote: y = 2x 
at (d) 
UE T oe 
33. (a) Domain: all real numbers x except x = +1, 2 -gl 
(b) x-intercepts: (3, 0), (-4 0) 
y-intercept: (0, —3) 47. (a) Domain: all real numbers x except x = 0 
(c) Vertical asymptotes: x = 2,x = +1 (b) No intercepts 
Horizontal asymptote: y = 0 (c) Vertical asymptote: x = 0 
(d) A Slant asymptote: y = x 


(4) 1 
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49. (a) Domain: all real numbers t except t = —5 57. 10 
(b) y-intercept: (0, -i1) 
(c) Vertical asymptote: t = —5 E 10 
Slant asymptote: y = —t + 5 
(d) : 
-10 
Domain: all real numbers 
x except x = —2 
Vertical asymptote: x = —2 
Slant asymptote: y = x 
y=x 


59. 


51. (a) Domain: all real numbers x except x = +2 
(b) Intercept: (0, 0) 
(c) Vertical asymptotes: x = +2 


| 
DS 

| E 

= N 
N 


Slant asymptote: y = x Domain: all real numbers x except x = 0 


(d) у Vertical asymptote: x — 0 
Slant asymptote: y = —x + 3 
у= -х+3 


61. (а) (1,0) (b) —1 63. 12.8 in. x 8.5 in. 
65. (а) 1400 


D 


0 200 
53. (a) Domain: all real numbers x except x = 1 (b) 333 deer; 500 deer; 800 deer 
(b) y-intercept: (0, — 1) (c) 1500 deer 
(c) Vertical asymptote: x = 1 67. (a) Answers will vary. 
Slant asymptote: y — x (b) Vertical asymptote: x — 25 
(d) y Horizontal asymptote: y — 25 


(с) 20 


(d) 
x | 30 35 40 45 | 50 | 55 60 
55. (a) Domain: all real numbers x except x = —1, —2 у | 150 | 87.5 | 66.7 | 56.3 | 50 | 45.8 | 42.9 
. 1 
(b) y-intercept: (0 2) (е) Sample answer: No. You might expect the average speed 
x-intercepts: (4 0), (1, 0) for the round trip to be the average of the average speeds 
(c) Vertical asymptote: x = —2 for the two parts of the trip. 

Slant asymptote: y — 2x — 7 (f) No. At 20 miles per hour you would use more time in one 
(d) direction than is required for the round trip at an average 


speed of 50 miles per hour. 
69. False. Polynomials do not have vertical asymptotes. 
71. Yes; No; Every rational function is the ratio of two polynomial 
N(x) 


functions of the form f(x) — DG) 


І 
! 
1 
1 
1 
П 
п 
1 
1 
1 
" 
1 
1 
1 
1 
1 
1 
1 
1 
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Answers to Odd-Numbered Exercises and Tests A101 
73. f(x) = (x + 12 - 1 75. f(x) = —(х + 82 + 51 49. в 51. в 
| | A 
8+ 56 4- -12 12 
3l 
zl + —5 7 
54 l 
al 1 -2 -8 
T (a) х= -1l,x2 3 (a) -2<5x <0, 
a (b 0szs2 2<х<осо 
$444 7 i H-2———3——-—3 I» х Oye 
-2L | 2 53. 2 55. т 
Vertex: (—1, — 1) Vertex: (—8,51) i el 
Axis of symmetry: x = —1 Axis of symmetry: x — —8 А 5 
= -6 6 
x-intercepts: (—2, 0), (0, 0) x-intercept: (—8 + V51, 0) 
77. x-intercepts: (—10,0),(—2,0) 79. x-intercept: (-3, 0) -4 -2 
y-intercept: (0, 20) y-intercept: (0, 3) (а) 0 =х< 2 (а) |x| 2 2 
81. Intercept: (0, 0) 1+ JA T (D2«xs4 (b -œ < x < oo 
83. x-intercept: (—3, 0) 85. EC A 87. E 57. (—3.89, 3.89) 59. (—0.13, 25.13) 61. (2.26, 2.39) 
y-intercept: (0, 3) 63. (a) t = 10sec (b) 4sec < t < бес 
: 65. 40,000 < x < 50,000; $50.00 < p x $55.00 
Section 2.7 (page 185) 67.[-2,2] 69. (—oo, 4] U [5, оо) 
1. positive; negative 3. —2,5 71. (75, 0] U (7, с) 
5. (a) No (b) Yes (c) Yes (d) No 73. (a) 
7. (а) Yes (b) No (c) No (d) Yes 
9. —3,6 11. 4, 5 
13. (—2, 0) 15. (—3, 3) 
ee} x ——(———————-- x Po Е 
-5 -4 -3 -2 -1 0 1 2 -4-3-2-1 0 12 3 4 (b) t< 14.9 (2014) 
17. [-7, 3] 19. (—со, —4] U[—2, оо) (c) Sample answer: No. For t > 22, the model rapidly 
-7 3 —] e increases then decreases. 
E J Я е чё ee ee ee б 75. (а) 
-8 -6 -4 -2 0 2/4 6 d 4 6 8 10 12 
21. (-3,2) 23. (—3, 1) 
| Гоаа | 2223.9 | 5593.9 | 10,312 | 16,378 | 23,792 
 ю———Әә. +H « 
-3 -2 -1 0 1 2 -3 -2 -1 0 1 E 
4 = 
25. (оо, —4) u (5, со) 27. (—1, 1) U (3, оо) gsm 
=. 32101234567 g 20,000 
x É 15,000 
-2-1 0123 4 5 6 E] 
3 E 10,000 
29. (—со, —3) U (3, 7) 31. (=со, 0) u (0, 3) B on 
-3 3 7 3 , 
amet Ht : 4 6 8 10 12 
MUS ——__ + + 
4 -2 02 4 6 8 2 ш 0 1 2 Depth of the beam 
33. [—2, оо) (b) 3.83 in. 
—————pP————-: 77. 13.8 т € L € 362m 
-4 -3 -2 -1 0 


А 79. False. There are four test intervals. 
35. The solution set consists of the single real number 5. 


37. The solution set is empty. 


39. (—oo, 0) u (4, оо) 41. (—7, 1) 
1 -7 1 
4 Ft x 
> Ht s -8 -6 -4 -2 0 2 
-2 =i 0 1! 2 
43. (—5,3) U (11, oo) 45. (—3, —2] u [0, 3) 
-5 11 c E pes 
cs - -2 -1 0 1 2 3 


-9-6-3 0 3 6 9 12 15 


47. (—оо, – 1) u (1, oo) 


24-3-2-1. 0 12 3 4 
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81. 


83. 
85. 


87. 


89. 
93. 


95. 


10 For part (b), the y-values that are 
less than or equal to 0 occur only 
E ою atx=—l. 
-10 
10 For part (c), there are no y-values 


that are less than 0. 


For part (d), the y-values that are 
greater than O occur for all values 
of x except 2. 


—10 
1/х is undefined when x = 0, so the solution set is (0, оо). 
(a) (~, —6]U L6, оо) 
(b) When a > Oandc > 0,b < —2,/ас or b > 2 ac. 
(а) (—oo, —2,/30] u [2./30, оо) 


(b) Whena > Oandc > 0, b = —2/ac or b 2 2. ac. 


Answers to Odd-Numbered Exercises and Tests 


3. g(x) = (x = 1?— 1 


Vertex: (1, — 1) 

Axis of symmetry: x = 1 

x-intercepts: (0, 0), (2, 0) 
7. h(x) = 4(х+) +12 


y 


A 


t t + + 
-3 -2 -1 1 2 3 


5. A(x) = —(x- 29 +7 


Vertex: (2, 7) 
Axis of symmetry: x — 2 
x-intercepts: (2 sh J1, 0) 


i 910 


x-intercept: (— 1, 0) 


y-intercept: (0, 1) 
No symmetry 


x-intercept: (G, 0) 
y-intercept: (0, 1) 


97. y-axis symmetry 


No x-intercepts 
y-intercept: (0, 2) 


Review Exercises (page 190) 


1. 


(a) › 


-nuv R 
po A 3à 
I—1—34 


Vertical stretch and a 
reflection in the x-axis 


(b) › 


jj x ———— ‹ 
3 4 cede el. 12 34 
E 
-3+ 
41 


Upward shift of two units 


Rights Reserved 


Vertex: (-4, 12) 
Axis of symmetry: x = — 


Nie 


No x-intercept 
9. (а) y = 500 — x 
A(x) = 500x — x? 
(b) x = 250, y = 250 
11. У 


+ 


ER 
——: 
-4 -3 -2 


13. Falls to the left and to the right 

15. Falls to the left, rises to the right 

17. (a) Falls to the left, rises to the right 
(b —2,0 (c) Answers will vary. 
(d) > 


02-200-2 
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Answers to Odd-Numbered Exercises and Tests A103 


1 


19. (a) Rises to the left, falls to the right 55. (a) Domain: all real numbers x except x = 0, 3 


(b —1 (c) Answers will vary. (b) x-intercept: G, 0) 
(4) i (c) Vertical asymptote: x — 0 
T Horizontal asymptote: y — 2 
(d) y 


21. (a) [—1,0] (b) —0.900 


23. 6x +3 + 25. 2x2 — 9x — 6x #8 
5x — 3 57. (a) Domain: all real numbers x 
27. (a) Answers will vary. (Б) (2x + 5), (x — 3) (b) Intercept: (0,0) (с) Slant asymptote: у = 2x 
© fa) = (2x + 5)(х – 3)(x +6) @ —3,3, -6 (d) › 
(е) 50 
-7 5 


—100 А 
29.4+31 31. -3—-3i 33. 15 +61 35. + ji 
7 
37. 1 = ki 391-3i 4.2 43. ED 
45. 2, +4i 59. (a) “0° 
47. One or three positive real zeros, two or no negative real zeros 
49. Domain: all real numbers x except x — — 10 
Vertical asymptote: x — —10 
. 0 100 
Horizontal asymptote: y — 3 0 
51. (a) Domain: all real numbers x except x = 0 (b) $176 million; $528 million; $1584 million 
(b) No intercepts (or $1.584 billion) 
(c) Vertical asymptote: x — 0 (c) No; The function is undefined when p — 100. 
Hori tal tote: = 
orizonta к, ote: y=0 61. (= 1) 63. [-5, —1) U (1, со) 
(d) n 2 1 x 
M | 44 , ' -— -5 -4 -3 -2 -1 0 1 
2+ -2-1 0 1 2 3 4 
m 65. 9 days 
EER | 1254 a 67. False. The domain of f(x) — PET is the set of all real 
-27 numbers. 
34 
1 Chapter Test (page 192) 
53. (a) Domain: all real numbers x except x = +4 1. (a) y (b) Е 
(b) Intercept: (0, 0) zt 
(c) Vertical asymptotes: х= +4 ЕТ 


Horizontal asymptote: у = 0 


y 


(4) 


Reflection in the x-axis Right shift of 3 units 
and an upward shift of 
four units 

2. y= (х — 3)? – 6 
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3. (a) 50 ft 
(b) 5. Yes, changing the constant term results in a vertical 
shift of the graph, so the maximum height changes. 
4. Rises to the left, falls to the right 


5. 

7. OS: 

8. (а) —14 (b 19+ 177 9. 5 – 16 
10. f(x) = x4 — 2:8 + 9x? — 18x 

11. f(x) = x^ — 6x3 + 16x? — 18x +7 


12. -5,-3,1 13. -24,-1- /2i 


Answers to Odd-Numbered Exercises and Tests 


9. (a + bi)(a 


bi) = a? + abi — abi — b?i? 
= 2 + 
11. (a) As |a| increases, the graph stretches vertically. For a < 0, 
the graph is reflected in the x-axis. 


(b) As |b| increases, the vertical asymptote is translated. For 
b > 0, the graph is translated to the right. For b < 0, the 
graph is reflected in the x-axis and is translated to the left. 
13. No. Complex zeros always occur in conjugate pairs. 


Chapter 3 
Section 3.1 (page 206) 


1. transcendental 
3. Horizontal translation one unit to the left 


14. x-intercepts: (+ J3, 0) 


Vertical asymptote: x = 0 
Horizontal asymptote: y = —1 


15. x-intercept: (—3, 0) 16. 
y-intercept: (0, 3) 
Vertical asymptote: x = —4 
Horizontal asymptote: y = 2 


18. 


Problem Solving 


1. Answers will vary. 
5. (a) and (b) y = ~x? + 5x — 4 


y-intercept: (0, —2) 
Vertical asymptote: x — 1 
Slant asymptote: y =x 1 


A, 
10+, 
1 
8+} f 
т 7 
6. МИ 
44i z 
и 
2447 
je у ке к pi 
-8-6-4 ‚|12 4 6 8 
4 i 
J а №. 2) 
264]! 
I 


х= —]20or-6«x«0 


x 
-18-15-12 -9 -6 -3 0 3 


(page 195) 


3. 2in. x 2in. x 5 in. 


7. (a) f(x) = (х— 2)02 +5=%3 


(b) f(x) = -(x +3)? + 1 = 


5. 0.863 7. 1767.767 
9d 1c П.а 12. 
13. 
x -2 -1 {0102 
f(x) | 0.020 | 0.143 | 1 | 7 | 49 
1|2 
4 | 16 
17. 
x -2 -1 o |1)2 
f(x) | 0.016 | 0.063 | 025 | 1 | 4 
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19. 47. 
х =3 |=2|=1|0 1 
fœ 325 | 35| 4 |5 |7 
49. 
T 
Ii 5 х 
=5 af 29 =2 <1 2 3 
=14 
21. 2 23. —5 25. Shift the graph of f one unit up. 
27. Reflect the graph of f in the y-axis and shift three units to the 
right. 51. 
29. 6.686 31. 7166.647 
33. 
x —8 =7 —6 =5 —4 
f(x) | 0.055 | 0.149 | 0.406 | 1.104 3 
1 
at 
41 
6+ 53. 
5T 57. 
n 
3L 
2l 
it 
| as 
35. 
x =2 =1 0 1 2 59. 
f(x) | 4.037 | 4.100 | 4271 | 4.736 | 6 61. 
63. 
1 67. 
i 
" 
IL — ——-———-—-—^- x 69. 
сени 2 3 567 
37. 5 39. 
-4 4 
-8 
E 
4.1 43. 3, -1 
45. 
n 1 2 4 12 
A | $1828.49 | $183029 | $1831.19 | $1831.80 
n 365 Continuous 
A | $1832.09 $1832.10 


Answers to Odd-Numbered Exercises and Tests 


A105 


n 1 2 4 12 
А | $5477.81 | $5520.10 | $5541.79 | $5556.46 
п 365 Continuous 

A | $5563.61 $5563.85 

t 10 20 30 

A $17,901.90 $26,706.49 $39,841.40 

t 40 50 

A | $59,436.39 | $88,668.67 

t 10 20 30 

A | $22,986.49 | $44,031.56 | $84,344.25 

t 40 50 

A | $161,564.86 | $309,484.08 


$104,710.29 55. $44.23 
(a) l6g (b) L85g 
(c) 20 
0 150,000 
0 
(a) V(t) = 52,490(2)' (b) About 30,769 infections 


True. As x — — 00, f(x) > —2 but never reaches — 2. 


F(x) = h(x) 


65. f(x) = g(x) = h(x) 


As the x-value increases, y, approaches the value of e. 


(a) (b) 


b. =2* 
з 


-1 


-1 


In both viewing windows, the constant raised to a variable 
power increases more rapidly than the variable raised to a 


constant power. 
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71. (a) 5 


-1 
Decreasing: (— оо, 0), (2, оо) 
Increasing: (0, 2) 
Relative maximum: (2, 4e?) 
Relative minimum: (0, 0) 
(b) 6 


-2 
Decreasing: (1.44, оо) 
Increasing: (— оо, 1.44) 
Relative maximum: (1.44, 4.25) 
73. c, d 
75. (a) f(g(x)) = f(x) = х 
(f(x) = g(x) =x 


(b) 


т. @ fie) - (1) = ayy 7 


suo» = (2) = Gay =e 
(b) | 


= 
2 +1 
79. (a) seo) = (L3) К = 
+1 
x—2 
2x € 1 
2x +1 T 
ego = (E) ol tt os 
х+1 | 


its Rese 


81. 


83. 


85. 


87. 


(b) 


f)-x-2 
The domain of f and the range of f^! are all real numbers x 
such that x > —2. The domain of f^! and the range of f аге 
all real numbers x such that x > 0. 
f'a) = Vx — 6 
The domain of f and the range of f^! are all real numbers x 
such that x > —6. The domain of f^! and the range of f are 
all real numbers x such that x > 0. 

ian. x 27.5) 
f) = 20—20 
The domain of f and the range of f^! are all real numbers x 
such that x > 0. The domain of f^! and the range of f are all 
real numbers x such that x < 5. 
f '@) =x+3 
The domain of f and the range of f^! are all real numbers x 
such that x = 4. The domain of f~! and the range of f are all 
real numbers x such that x 2 1. 


Section 3.2 (page 216) 


37. 
39. 
41. 


. logarithmic 
4-16 993-4 
. logġ =-3 156 17.1  19.j 
. 1.097  23.-0.058 25.1 27.2 
.5 3122 


3. natural; e 5. (a) х (by 


11. log 125 = 3 
1 


a; Upward shift of two units 

b; Reflection in the y-axis and a right shift of one unit 

» Domain: (0, oo) 
x-intercept: (1, 0) 

Vertical asymptote: x — 0 
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43. y Domain: (0, со) 
x-intercept: 1, 0) 


Vertical asymptote: x — 0 


45. 7 Domain: (—2, оо) 
x-intercept: (— 1, 0) 


Vertical asymptote: x — —2 


47. H Domain: (0, оо) 
P x-intercept: (7, 0) 
P Vertical asymptote: x — 0 


49. e 0693... = 1 51. 25521... = 250 
53. In 7.3890... = 2 55. шї = —4х 57. 23.123 
63. 0 65. 1 


59. 6.438 61. 4 
67. > Domain: (4, 00) 
x-intercept: (5, 0) 


Vertical asymptote: x — 4 


Domain: (—oo, 0) 
x-intercept: (— 1, 0) 
Vertical asymptote: x — 0 


71. ё 


73. 8 75. —2,3 


А107 


77. (а) 30 уг; 10 уг 
(b) $323,179; $199,109; $173,179; $49,109 
(c) x = 750; The monthly payment must be greater than 
$750. 


79. (a) 


r | 0.005 | 0.010 | 0.015 | 0.020 | 0.025 | 0.030 


t | 138.6 | 69.3 | 462 | 34.7 | 27.7 | 23.1 


As the rate of increase r increases, the time f in years for 
the population to double decreases. 


(b) 150 
—_——! 0.04 
0 
81. (а) 10 (b) 80 (с) 68.1 (а) 623 
0 12 
0 
83. True. y 
85. 1 87. у = log; x, so y is a logarithmic function of х. 
(b) g(a) 
30,000,000 


As n increases, g(x) = x!/" increases at a slower rate. 
3 


91. xs5,.x £0 93. — m £0 
n 
21 
95. 5x + 3,x #4 97. —х% — 6x? — 36x — 36 т. 
X 
99, (а) 45-2 (b) 4х- 11 (c) 16х+5 
1 1 
101. (а) m —9 (b) 2—9 (с) х, х + 0 
Section 3.3 (page 223) 
In 24 
1. change-of-base 3. log, 24 = 
In 3 
log 16 In 16 log 5 In a 
5. (a) log 5 (b) In5 ds log x (0) In x 
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9. 2.579 11. —0.606 13. log, 5 + log, 7 99, Inl =0 In 9 = 2.1972 
15. log, 7 — 2 log, 5 17. 1 + log, 7 — log, 5 In2 ~ 0.6931 In 10 = 2.3025 
19. 2 21. -i 23. —2 is not in the domain of log, x. In 3 == 1.0986 Indo 22078 
25.3 27.7 29.2 31.5 33.1183 Е аа 
In 5 = 1.6094 In 16 == 2.7724 
35. — 1.6542 37. 1.9563 39. —2.7124 In 6 ~ 1.7917 In 18 — 2.8903 
41. In 7 t Inx 43. 4 log; x 45. 1 — log; x In 8 ~ 2.0793 In 20 == 2.9956 
47. ilnz 49. Inx + lny + 21nz 51. Inz + 21n(z — 1) 101. x = -&,x = 3 103. х = 1,х = 9 105. 4 
53. log; (а + 2) + 5108, (a — 2) — 1087 107. -3 109.05 11. —14 Из. -4 
55. 2log; x — 2 log, y — 3 log; z 57. Inx — $Iny 115. (a) Yes (Ы) Yes 117. (a) Yes (b) No 


119. (a) Yes 
Section 3.4 (page 233) 


59. 2Inx + 3lny — Tlnz (b) No 


61. 21nx + $In(2 + 3) 63. In 3x 


65. log, (с — 2)2/3 67. log, a 69. log x(x + 1)? 1. (а) х=у ()x=y (Ox (dx 
, y ; 3. Rewrite 125 as 53. By the One-to-One Property, x = 3. 
Xd л г Eg (es 5. (a) No (b) Yes 7. (a) Yes (b) No 
y (x + Dix - D) x-1 9.2 1.2 13112-0603 15. е! ~ 0.368 
77. Iny = -ilix- In] 79, Iny = —0.14Inx + 5.7 17. 64 19. (3, 8) 21. 2, -1 
81. d (b S 
eee) ©) 23. = = 1465 25.1139 ~ 3.664 
In 400 1 3 
27. 2 — шз ^ — 3.454 29. 3 log 3^ 0.059 
0 30 8 
In 12 Inz 1 
; 31. ~~ — 0.828 33.0 35. — + = = 0.805 
0 T = 21 + е—0037{+3.997 3 3In2 3 
The results are similar. 37. 0 In4 = 0.861 39. In 5 = 1.609 
'In 5 i ` | 
In4 
. 41. Inf = —0223 43. п = 21.330 
„Ж | 3651 (1 + 25) 
° 365 
2.1 
Е 45. e? = 0.0580 47. = ~1361 49. е72 ~ 0.135 
1 ? 
= I 51. 2(311/6) = 14.988 53.N lut: 
T=21 + 00017 + 0.016 nh seer 
83. False; In 1 = 0 85. False; In(x — 2) # Inx — In2 ае SA 3913328 
: i Ё : ' 61. —0.478 63. 20.086 65. 1.482 
87. False; u — v 67. (a) 27.73 уг (b 43.94yr 69. —1,0 71.1 
89. e iue Property cannot be used because In e is raised to 73. e-! = 0.368 35. e-1/2 == 0.607 
кезесошрозег nor juste x 77. (a) y = 100 and y = 0; The range falls between 0% and 
91. yj = Inx - In - 3) No; > 0 when x < 0. 
83 100%. 
(b) Males: 69.51 in. Females: 64.49 in. 
79. 5 years 81. 2013 


83. For rt < In2 years, double the amount you invest. For 
rt > In2 years, double your interest rate or double the 
number of years, because either of these will double the 
exponent in the exponential function. 

85. log, uv = log, u + log, v 


93. log, 22 = log, 32 — log, 4; Property 2 


logx _ lnx 


95. f(x) = bo m 97. f(x) = mien True by Property 1 in Section 3.3. 
4 4 87. log,(u — v) = log, u — log, v 
T 1 False. 
1.95 = log(100 — 10) # log 100 — log 10 = 1 
ds 8 st S 89. Yes. See Exercise 55. 
91. Vertical asymptote: x = 1 
T3 2 Horizontal asymptote: y = 1 
3 V8 + In3 100 
93.1- —— 95.0, = 27—92 ду, — 
In 2 4 x5 
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Answers to Odd-Numbered Exercises and Tests 


Section 3.5 (page 243) 


1. 


у=а-+Ь1пх;у =a + blogx 


3. An exponential growth model increases over time. An 


exponential decay model decreases over time. 


(2) 
5. Р = e t= OM 
е" r 
7. 19.8 yr; $1419.07 9. 8.9438%; $1834.37 


17. 
19. 


25. 
27. 


29. 
31. 


33. 
35. 


37. 


. $6376.28; 15.4 yr 
. (a) 7.27 уг (b) 6.96 yr (с) 6.93 уг (d) 6.93 yr 
G0 |, | 2% | 4% | 6% | 8% | 10% | 12% 
t 54.93 | 27.47 | 18.31 | 13.73 | 10.99 | 9.16 
(b) 
r 2% 4% 6% 8% 10% 12% 
t 55.48 | 28.01 | 18.85 | 14.27 | 11.53 | 9.69 


The values given by the model are close to the original data 
values; November 


у = MSS 21, y = 5e-0404*— 23, 648 g 
2.26 g 
(a) Bulgaria: y = 8.1e 990741: 6.1 million 


Canada: y = 32.9£99067^ 42.8 million 

China: у = 1359.5£99015r: 1421.9 million 

United Kingdom: y = 60.469.901? 71.1 million 

United States: y = 291.1е0-00665, 377.3 million 
(b) b; The greater the rate of growth, the greater the value of b. 
About 800 bacteria 
(a) V = —150t + 575 
(c) 600 


(b) V= 575e 936881 


0 5 
0 


The exponential model depreciates faster. 
(d) Linear model: $425; $125 

Exponential model: $397.65; $190.18 
(e) Answers will vary. 
About 12,180 yr old 


0.04 


100 

(a) 1998: 64,770 sites 
2008: 240,797 sites 
2015: 312,340 sites 

(b) 350,000 


0 40 
0 


(c) and (d) 2007 


39. 


41 


43 
45 


47 
51 
55 


57 


59 
61 


65. 


69 


73. 


77. 
79. 


А109 


(a) 203 animals (b) 13 mo 
(c) 1200 

0 40 

0 


Horizontal asymptotes: р = 0, p = 1000. The population 
size will approach 1000 as time increases. 
(a) 20dB (Ы) 70dB (с) 40dB (а) 90 dB 
9596 
(a) 1075 = 39,810,717 
(c) 1065 == 3,981,072 
4.64 49. 1.58 x 1076 moles/L 
1051 53. 3:00 A.M. 
(a) t4 — 0.2729s — 6.0143 
ty = 1.5385е00?9135 or t, = 1.5385(1.0296)° 


(b) 1056 ~ 398,107 


ш 5 30 40 50 60 70 80 90 
ti 3.6 | 46 | 67 | 94 | 12.5 | 15.9 | 19.6 
р 3.3 | 49 | 7.0 | 9.5 12.5 | 15.9 | 19.9 
2 22 | 4.9 | 7.6 | 10.4 | 13.1 | 15.8 | 18.5 
" 3.7 | 49 | 66 | 8.8 11.8 | 15.8 | 212 


(c) Model г: Sum = 2.0, Model г: Sum = 1.1 
Model t4: Sum = 5.6, Model 14: Sum = 2.7 
The quadratic model (t,) fits best. 
False. The domain can be the set of real numbers for a logistic 
growth function. 
True. The graph of a Gaussian model will never have a zero. 


Gaussian 63. Exponential growth 
2+ 4x — =] 
жс i 1,0 
(x — 3)(x + 1) 2 
Quadrant III 71. Quadrant IV 
1 75. 7 
if 
i »— X 


Vertical shift one unit 
downward and a horizontal 
shrink 


Reflection in the x-axis 
and a vertical shrink 


АП real numbers x 
All real numbers x such that x 0 and x # —3 
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Answers to Odd-Numbered Exercises and Tests 


1. y 25. 
i К: х -2|-1|0| 1 2 
n(x) | 2.72 | 1.65 | 1 | 0.61 | 037 
I x 
Review Exercises (page 250) 
1. 0.164 3. 1.587 5. 1456.529 
ý 1|0| 1 2 3 
À _ 0 1 
ЛО) | 8 |5 | 425 | 4063 | 4016 паб ртр 
S EET: NEN S ds -6-5-4-3-2-1 | 1 2 
* X =1 0 1 2|3 29. (a) 0.283 (b) 0.487 (с) 0.811 
31. 
f(x) | 4.008 | 4.04 | 42 |5 | 9 n 1 2 4 12 
у А | $6719.58 | $673428 | $6741.74 | $6746.77 
n 365 Continuous 
A | $6749.21 $6749.29 
33. log,27 = 3 35. In 2.2255. . . = 0.8 
Е 37.3 39.-2 41.7 43. –5 
E T Ge ec 45. Domain: (0, oc) 47. Domain: (—5, 00) 
x-intercept: (1, 0) x-intercept: (9995, 0) 
11. E —22|—1!0|1!2 Vertical asymptote: x — 0 Vertical asymptote: x — —5 


N 
| 


49. 3.118 


51. 0.25 


4 d $ 47 

13. 1 15. 4 17. Shift the graph of f one unit up. 
19. Reflect f in the x-axis and shift one unit up. 

21. 29.964 23. 1.822 


Copyright 2022 Cengage Learning. АП Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 
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53. Domain: (0, оо) 55. Domain: (6, оо) 5. 5 ET “a 0 " 1 
x-intercept: (76, 0) x-intercept: (7, 0) 2 2 
Vertical asymptote: х = 0 Vertical asymptote: x = 6 f(x) 10 3.162 | 1 | 0.316 | 0.1 

10 + 8+ П 
6+ І 

44 І 

24 i 

| 


+++ 
8 10 12 14 


zd 
x E 
з | | 
—g+ j 
57. About 14.32 parsecs 59. (a) and (b) 2.585 
= = 6. 
61. (a) and (b) — 2.322 63. log, 5 — log, 3 1 = 0 1 2 3 
65. 2 log, 3 — log, 5 67. log 7 + 2 log x 
69. 2 —5log,x 71. 2Inx+2Iny+Inz f(x) | -0005 | —0.028 | —0167 | —1 | -6 
x „х y 
73. 1n 7. 75. log — 77. 1 
3. In 7x s 0837 + в)? A 
79. (a) 0 € h « 18,000 
(b) ш 
0 20,000 
0 
Vertical asymptote: Л = 18,000 
(c) The plane is climbing at a slower rate, so the time 7. В L] _1 0 1 1 
required increases. 2 
(d) 5.46 min f(x) | 0.865 | 0.632 | 0 | —1.718 | —6.389 
81. 3 83. 1n 3 = 1.099 85. e* == 54.598 к 
87. 1,3 89 ME - 91. 182 == 1213.650 
+ 
93. ; + were ~ 3.729 95. No solution 


97. 0.900 99. 2.447 101. 9.182 
103. 73.2 yr 105. e 106. b 107. f 
108. d 109. a 110. c 
111. y = 2291014 


113. 0% 
| 8. (a —0.89 (b) 92 
9. Domain: (0, оо) 10. Domain: (5, оо) 
x-intercept: (1074, 0) x-intercept: (6, 0) 
Vertical asymptote: x = 0 Vertical asymptote: x = 5 
0 , y 
71 st 
115. (a) 10-6 W/m? (b) 10 /10 W/m? ‘T | 
(c) 1.259 x 1072 W/m? 2+ | 
117. True by the inverse properties. К ETEF | ins 
119. Answers will vary. = кә E 
Chapter Test (page 253) x =I 
-5T 1 


1. 0.410 2. 0.032 3. 0.497 4. 22.198 
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11. Domain: (—6, оо) 
x-intercept: (e^! — 6, 0) 


Vertical asymptote: x — —6 
B 
n 


Answers to Odd-Numbered Exercises and Tests 


s+2 


6. (a) > (b) Division Бу 0 is undefined. (с) Р 


7. For some values of х there correspond two values of y. 


8. (a) Vertical shrink (b) Upward shift of two units 
(c) Left shift of two units 


9. (а) 4x -3 (b-2x-5 (c) 302 – 11х- 4 
x= | __l 
(d) зу + Domain: all real numbers x except x = 3 


10. (а) /x -—14+2x74+1 
(с) @Y/x —-14+ /x-1 
a 5-1 

x t+ | 

11. (а) 2x + 12 (b) 4/22 +6 


Domain of f: all real numbers x 


(b A-I -r-l 


Domain of g: all real numbers x such that x > —6 
Domain of f° g: all real numbers x such that x > —6 
Domain of g » f: all real numbers x 
12. (a) |х| - 2. (5 |x - 2| 
Domains of f, g, f° g and g ° f: all real numbers x 
13. h(x)! = (х +4) 14. 2438.64 kW 


15. y = —-3(x + 82 + 5 


; Domain: all real numbers x such that x > 1 


12. 2.209 13. —0.167 14. — 11.047 
15. log, 3 + 4 log, a 16. lnx = In 7 
4 
17. 1 + 2logx — 3 log y 18. log, 13y 19. n 
xy? ln44 —— 
20. In - 13 21. 1, -1 22. IM 0.757 
In 197 
23. 9 = 1.21  24.e-/2 = 0.607 25. e-!/^ = 0.064 
26. 1 27. у = 27450150 28. 55% 
29. (а) 
х 1 1 2 4 5 6 
Н | 58.720 | 75.332 | 86.828 | 103.43 | 110.59 | 117.38 
E 
1 2 3 4 5 6 x 
Age (in years) 
(b) 103 cm; 103.43 cm 
Cumulative Test for Chapters 1-3 (page 254) 
1. : 2. 1 
cut 37 16L 
al 124 
2+, 
+ “ы 
3332 ШЕ ШЕ СҮЕР ЫЫ 
-1+ e 
Sl 68-0 
-3+ -8T 
Midpoint: (4 2) 
Distance: V61 
3. y 4. y 
A 
él 
> x n 
d à #6 
-2-+ 
4+ 


Rights Reserved 


16. y 17. y 

A A 

6+ 24 

a a 

18. 
19. 2,2; 20. -75,03 21. 4,—4,1 + 3i 

= ы 3x 2 э: дї 2.1] | | 49 
22. 3x — 2 22811 23. Зх? + 6x? + 14x + 23 4 zy 


24. [1,2]; 1.196 


02-200-2 
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25. Intercept: (0, 0) 


27. 


28. 


30. 


31. 
32. 
36. 


37. 


39. 
40. 
42. 


Answers to Odd-Numbered Exercises and Tests 


26. y-intercept: (0, 2) 
x-intercept: (2, 0) 
Vertical asymptote: x = 1 


Vertical asymptotes: 
x=l,x= -3 
Horizontal asymptote: 
y=0 


Horizontal asymptote: 
у=1 


y-intercept: (0, 6) 

x-intercepts: (2, 0), (3, 0) 

Vertical asymptote: x — —1 

Slant asymptote: y = x — 6 
Е 


-12 -8 -4 ! 


х= -3 от 0 = х= 3 29. АП real numbers x such that 


x x<—-Sorx>-l 
-6-5-4-3-2-1 0 1 2 


Reflect f in the x-axis and y-axis, and shift three units to the 
right. 
Reflect f in the x-axis and shift four units up. 
1.991 33. — 0.067 34. 1.717 35. 0.390 
In(x + 5) + (х — 5) — 4Inx 
= erro 3 A 
In 6 = 1.792 or In 7 = 1.946 
еб — 2 = 401.429 41. $16,302.05 
6.3 h 43. 2027 


In e 1.242 


Problem Solving (page 257) 


1. 


5. 


-4-3-2-1,] 1 2 3 4 


y = 0.5* and y = 1.27 
0«a s eVe 


. As х ©, the graph of е" increases at a greater rate than the 


graph of x". 
Answers will vary. 


7. (a) 


11. 


15. 


17. 
19. 


21. 


23. 


A113 


(b) 


c 


(а) y, = 252,606(1.0310)! 
(b) у, = 400.882 — 1464.6t + 291,782 


(c) 2,900,000 


200,000 


(d) The exponential model is a better fit. No, because the 
model is rapidly approaching infinity. 
Le 
1 =| 1 
y, = (x= 1) -3% = 1} (еде) 
4 


The pattern implies that 


Inx = (x — 1) – x 
30 


1)? + ix — 1} 


1500 
0 


17.7 f? /min 
(a) 


(b)-(e) Answers will vary. (b)-(e) Answers will vary. 
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Chapter 4 49. (a) 240^ 36' (b) — 145° 48' 


. 51. 107 in. = 31.42 in. 53. E rad 55. 4 rad 
Section 4.1 (раде 267) 57. About 18.85 іп.2 


1. coterminal 3. linear; angular 59, 20? should be multiplied by Uy 
5. 5 radians; л radians 7. l rad 9. —3 rad 61. About 592 mi 63. About 23.87? 


65. (a) 8л rad/min ~ 25.13 rad/min 


11. (a) Quadrant I (b) Quadrant II (b) 2007 ft/min = 628.3 ft/min 


13. (a) 1 (b) 1 67. 
n 
3 ча 
x x —— 15 — 
| on А = 93.75л n? = 294.52 m? 
3 o 
69. False. : is in degree measure. 
No; Quadrant I No; Quadrant III 71. True. Let a and В represent coterminal angles, and let n 
1 11 7 17 t an integer. 
15. Sample answers: (a) =, в (b) S e ibo B+ n(360) 
17. (a) Complement: z, Supplement: ni 73 : me таи 
. Proo 
40 10. 8 6. 
(b) Complement: none; Supplement: "D рд т? 12: 17 d7' ah 25 > 25! 
> Section 4.2 (page 275) 
19. (a) Complement: = — 1 = 0.57; 
2 1. unit circle 3. odd; even 
Supplement: л — 1 = 2.14 5. sint = 4 csct—- P 7. sint=—  cst--3 
(b) Complement: none; Supplement: л — 2 = 1.14 бб = 2 бере Е — = <p = 
21. 210° 23. —60° _5 _12 _3 4 
25. (a) Quadrant П (b) Quadrant IV леу Cot us 5 HIP SETS 
27. (a) , ; (32 " 
9. (0, 1) 11 3^5 
LOEO u/2 А л 1 
m 13. sin, = PS 15. sin( -2) = 75 
л _ V2 (-2) _ УЗ 
соѕ 2 2 cos| =% 2 
ы ыз КЕШЕ: 
an, an — 3 
17. sn(- 77) awe 19. sip = 1 
" 4 2 6 2 
(b) ; 
| cos( 77) a= cos un. PE 
4 2 6 2 
tan( 77.) = 1 йй = _У3 
4 6 3 
21. sn(- 27) = 1 
eH 120° 2 
3 
EX 2 | = 0 
29. (а) 480°, —240° (Б) 150°, — 570° (27) is undefined. 
31. (a) Complement: lis ; Supplement: 162 эл JA эл 248 
(b) Complement: 5°; Supplement: 95 23. sin 3553 ese = 
33. (a) Complement: 66°; Supplement: 156° 2n 1 2n 
(b) Complement: none; Supplement: 54? cos з 777 sec з -2 
2л л 
=. == ig —210° 2 = 2 
35. (a) 3 (b) 9 37. (а) 270 (b) —210 tan 7 =~ /3 cot _ =~ 


39. 0.785 41. —0.009 43. 81.818° 45. —756.000° 
47. (а) 54.75 (b) — 128.5° 
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a 


A115 


‚4л J3 4л 2/3 11. sind = $ csc 0 = y 
25. sin = —-— сс = ——— 1 17 
3 2 3 3 cos 0 = 5 sec 0 = 5 
foe ee m с їап 0 ® cot à = Р 
3 2 3 D "E : Я А 
= The triangles are similar, and corresponding sides are 
tan im КА cot t = Xs proportional. 
= _ : 1 
. 5л J3 5л 2/3 13. sin = = csc 0 = 3 
27. sin а. csc ~3) 537 3 
2/2 3/2 
5л 1 5л cos 0 = —— вес 0 = —— 
cos( -®) == (-%) =2 3 4 
3 2 3 Ja 
| sx) J8 | sz) КА] tan Ө = 4 cot 0 = 2/2 
tan – = | = =] = = 
3 3 3 The triangles are similar, and corresponding sides are 
29. sin( -) = – 1 (-2) =о—1 proportional. 
А 2 15. ѕіп Ө = ® csc Ө = п 
(1) = 0 Е is undefined 17 8 sec Ө = п 
" " f tang = & соїӨ = 5 
Е is undefined. со{—®) = 0 
2 2 15 
1 /11 11 
31.0 33.1 35 -5 37. (а) -j (5-2 17. sing = 77^ csc @ = ey 
39. (a) -i (b) =5 41. (а) E (b) -į б Vil cos 0 = 5 
43. 0.5646 45. 0.4142 47. — 1.0009 6 o 
49. (а) 2cm (Б) About 0.14 cm d ang =l cpp ov i 
51. False. sin(—1) = —sin(f) means that the function is odd, not a 5 11 
that the sine of a negative angle is a negative number. 19. 5 | сѕсӨ = 5 
53. True. The tangent function has a period of л. m ls 2 \/6 5 \/6 
55. (a) y-axis symmetry (b) sin, = sin(z — f) 2/6 cos @ = 5 860 0 = 12 
(c) cos(x — tj) = —cos t i= \/6 ge 
57. 'The calculator was in degree mode instead of radian mode. Mes 142 cotÜ = 2./6 
59, (a) 1 10 
21. лб | sin 0 = Ty csc 0 = V10 
-1.5 1.5 1 [| 3/10 /10 
3 cos 0 = сө = 
10 3 
ET 
Circle of radius 1 centered at (0, 0) iie 
(b) The t-values represent the central angle in radians. The 23. z. МЗ 25. 45°; Ja 
x- and y-values represent the location in the coordinate 6 3 
plane. 27. (a) 0.3420 (b) 0.3420 29. (a) 0.2455 (Ы) 4.0737 
(с) -lsx<s1,-Ilsy<l 31. (a) 0.9964 (b) 1.0036 33. (a) 3.2205 (Ы) 0.3105 
61. (x — 17)? 4 725236 63. (x +3) + (у + 62 =F 1 3 3 
( | ) | (у ) ( 5) | o ) 4 35. (a) = (Ы) УЗ (с) 2/3; (d) Уз 
65. x-intercept: (6, 0) 67. x-intercepts: (-4, 0), (2, 0) 2 2 3 
y-intercepts: (0, + 4/6) y-intercept: (0, — 4) 37. (a) 22 2/2 (03 (53 
Section 4.3 (page 284) 1 1 10 
39. (а) 3 (b) м 10 (с) 3 (а) т 
1. (а) 5 (b)12 (с) 13 3. complementary 
3 5 J2 a 41-49. Answers will vary. 
5. sind = = csc Ө = = 7. іп Ө = ^ csch = /2 7 Е 
2 а 2 51. (а) 30 == (Ы) 30° = = 
4 5 /2. 5 6 6 
cos 6 = = sec = 7 cos 0 = 257 sec Ө = /2 " x 
53. (a) 60° = = (Ы) 45° =- 
3 4 3 4 
tan 0 = 7 cotd = = tan Ө = 1 cot = 1 " » 
9 Al 55. (a) 60° = т (b) ат 57. х= 9,у = 9/3 
9. sin = ат csc 0 = v 50, 324/3 „ 6443 
TELE! SERE 
coss = 7 40 61. About 443.2 m; about 323.3 m 
9 40 
tan 0 = 10 cot 0 = y 
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63. 30° = - 65. (a) About 219.9 ft — (b) About 160.9 ft 17. sin@ =$ csc0 = 2 
Se 229 
67. (х\, у) = (28 V3, 28) ма i ida 3 
(х, у) = (28, 28/3) tan@ = —3 cot@ = -$ 
69. sin 20° ~ 0.34, cos 20° ~ 0.94, tan 20° ~ 0.36, 19. Quadrant | оеша e 
csc 20° = 2.92, sec 20° = 1.06, cot 20° = 2.75 23. sin @ = 17 csc Ô = 15 
71. (a) About 519.33 ft cos 0 = È seco = 9 
(b) About 1174.17 ft ae 
1 2 2 
73. True. csc x = —— 75. False. Уу? + v2 #1 25. csc 0 = 3 
sin x 2 2 4 5 
77. False. 1.7321 = 0.0349 ME. nc 
79. Yes, tan 0 is equal to opp/adj. You can find the value of the tan 0 = —j cot 0 = —3 
hypotenuse by the Pythagorean Theorem. Then you can find E /10 Е 
sec 0, which is equal to hyp/adj. 27. sin = — 10 csc 0 = — V10 
adj 1 3/10 /10 
1. б = —— = Tim m = 
81. cos 60 hyp 2 cos Ө 10 sec 0 3 
83. Quadrant I 85. Quadrant II а 
87. Quadrants П and IV; Sample answer: (1, — 1), (— 1, 1) ыш ^3 
89. Quadrants I and III; Sample answer: (1, 2), (C1, —2) 29. sin@ = 1 
91. (a) 380°, —340? (b) 330°, — 390° sec Ө is undefined. 
93. Odd; origin symmetry 95. Even; y-axis symmetry tan @ is undefined. cot @ = 0 
. 31. sin0 = 0 csc @ is undefined. 
Section 4.4 (page 294) a Mr cei 
tan 0 = 0 
i з.” 5. cos 0 7. Reference angle id 
A х, 5 эз. шө = x2 csc 0 = 4/2 
9. (а) sin0 = 5 csc 0 = 3 2 
4 5 = 
cos 8 = 5 sec 0 = 4 coso = -2 sec Ө = – 4/2 
tan 0 = i cot 0 — 1 
| с gai tand = —1 cot = —1 
i Mr t IH 35 sing = 2У5 udo 
cos Ө = —15 sec 0 = -7 Bi 5 2 
= 19 = 8. 
and erg бЕр 15 cos 9 = 2/7 sec 0 = 4/5 
1 
11. (a) sin 0 = –= csc 0 = —2 1 
2 tan 0 = 2 cot 0 = 5 
3 2/3 
cos 0 = =! sec 0 = m 37. 0 39. Undefined 41. 1 
3 43. Undefined 45. 0 
Bug cot 0 = /3 47. 6’ = 20° 49. 0! = 55° 
17 А А 
(b) sing = YT сѕс Ө = — 17 
4/17 J17 
cos 0 = —~— sec Ө = ——— 
17 4 
tan 0 = 24 0 = —4 ` 
an0 =—7 cot 0 = 
13. sin = 13 csc 9 = В 
cos 0 = n sec Ө = B 
tan 0 = 2 cot 0 = ў, 
. 2/29 J 29 y y 
15. sin 0 — 29 csc Ө = -5 А 
а TEE 2n 
29 5 3 
: ND : 
tan 0 = < cot 9 = > x x 


its Rese 
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55. 


59. 


63. 


67. 


69. 


77. 
83. 


91. 
93. 


95. 


97. 
99. 


101. False. In each of the four quadrants, the signs of the secant 
function and the cosine function are the same because these 


Answers to Odd-Numbered Exercises and Tests 


sin 225° = 2 57. sin 750° = А 
соѕ 225° = 22 соѕ 750° = y3 
2 2 
о О 3 
tan 225° = 1 tan 750° = ca 
| "E ‚2л 3/3 
sin(— 120°) = 2 61. ѕіп ЕДЕ 
a_l 2л _ _1 
cos(— 120°) = 2 cos = 2 
2л 
tan(— 120°) = \/3 tan = =-/3 
m- t Ib _ s2 
si 3 = 75 65. sin d. 9 
«o (- f) _ v3 lim _ v2 
6 2 4 2 
tan( —2) = E ge —1 
6 3 4 
Te 
6 
so (- 27) _ _v3 
6 2 
ta 177) _ УЗ 
6 3 
4 13 8/39 
5 71 12 73. 39 75. 0.1736 
— 0.3420 79. — 28.6363 81. 1.4142 
0.3640 85. —2.6131 87. —0.6052 89. 1.8382 
o T ууу 57 0 77 aa Шт 
(a) 30° = 6 150° = 6 (b) 210 6° 0 6 
o 7 ane ЭЛ o T appo _ ЭЛ 
(а) 60° = 3: 300 =g (b) 60 y 300 3 
0 T усо 27 o ЭЛ 43). _ Шт 
(a) 45° = д 225 zT (b) 150° = 6 330? — 6 
(а) I2mi  (b)6mi (с) About 6.9 mi 
(a) B = 21.865 sin(0.540t — 2.343) + 60.438 


F = 61.120 sin(0.325t — 0.561) + 15.787 
(b) February: В = 39.6°, F == 21.2? 

April: B == 56.5°, F == 57.0? 

May: В = 68.1°, F = 69.2? 

July: В = 82.1°, Е = 76.3? 

September: В = 73.2°, F = 58.7° 

October: В = 62.3°, F = 42.5? 

December: В = 42.1°, Е = 3.8? 


0 


Answers will vary. 


functions are reciprocals of each other. 


103. Answers will vary. 


105. 


107. 


A117 


(a) f(x) = ух 
(b) Reflection in the x-axis, left shift of 12 units, and an 
upward shift of nine units 


Relative maximum: (—4, 5) 109. —12, 11 


Section 4.5 (page 304) 


1. 
5 
7. 
9 


11. 


13. 
15. 
17. 
19. 
21. 
23. 


25. 


29. 


: i 2 
. Amplitude: 2; Period: —— 


А 1 : 
. Amplitude: 2? Period: — 


cycle 3. Vertical shift of d units 
5 

Amplitude: 3. Period: 4 

8л 

5 
Amplitude: 5, Регіоа: 24 
The period of g is one-fifth the period of f. 
g is a reflection of f in the x-axis. 
g is a shift of f r units to the right. 
gisa shift of f three units up. 
The graph of g has twice the amplitude of the graph of f. 


The graph of g is a horizontal shift of the graph of f 7 units 
to the right. 


A 31. T 
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А118 Answers to Odd-Numbered Exercises and Tests 


41. 1 43. i 59. 4 61. 3 
-6 6 
-3 3 
-4 E 
63. 0.12 
-20 20 
-0.12 


65.a=2,d=1 67. а= —4,d=4 
69. а= 3, = 2, с = 0 71. а= 2,Ь = 1, с = 


73. 2 


-2r 2т 


—2 
лп Sn 7л lir 
6 6° 6’ 6 
75. y= 1 + 2sin(2x — л) 77. у = cos(2x + 27) 
79. (а) 4 sec 

(b) 15 cycles/min 

(с) {| 


53. (a) Horizontal shrink and a phase shift 77/4 unit right зт 
(b) і (с) g(x) =/(4х—л) 
Á 
4+ 
3+ 
ot 


81. (a) É sec (b) 50 heartbeats /min 
83. (a) and (c) 


55. (a) Shift two units up and a phase shift 7/2 units right A 
л L 
(b) | (c) g(x) = s(x = z) +2 EC 

54 8 | 

4 Е 
34 8 0.54 

/ Nf N/ | 

2 


25 30 35 40 45 50 55 60 65 


ee Day 
shar The model fits the data well. 
57. (a) Horizontal shrink, a vertical stretch, a shift three units (b) y = 0.5 co £ ЕЕЕ x + 0.5 
down, and a phase shift 7/4 unit right | 15 5 
(b) i (с) g(x) = 2f(4x — л) - 3 (d) 30 days (е) 100% 
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Answers to Odd-Numbered Exercises and Tests A119 


85. (a) 20 sec; It takes 20 seconds to complete one revolution on 97. y (a) x «0 (bx»0 
the Ferris wheel. 


(b) 50 ft; The diameter of the Ferris wheel is 100 feet. yc 
(c) 110 
s »- Х 
0 20 
0 


87. False. The function y — $ cos 2x has an amplitude that is 
one-half that of y = cos х. For у = a cos bx, the amplitude 


Section 4.6 (page 315) 


is |a]. 1. odd; origin 3. damping 5. (—oo, —1] u [1, оо) 
89. The key points are for the graph of y — cos x. 7. em 9. а 1 1. #4 


n 13. › 15. : 


4 4 

The value of b affects the period of the graph. 17 » 19 y 

b= 123 cycle : ; : ; ` ' A ' 

b = 22 cycles | | | ^T | 

b = 33 cycles | i | at | 

93. (a) | | 

х|0|1|[2|3 |4 | |» s | [> х 
у |4 |5 (8 13 | 20 a AY р L р 

(b) y-axis symmetry | І І \ i | 


(с) / 


Y 


у|0|-—;|0|ў/ 6 


(b) origin symmetry 


t ! і » x 
-2 =l 1 
LL x 
а 29. >y 
A 
a+ 


Copyright 2022 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


Р WHLdVHO 


А120 Answers to Odd-Numbered Exercises and Tests 


31. : 33. у 77. 2 79. (a) Period of H(t): 12 mo 
4 а! ү | Period of L(t): 12 mo 
i i ; | í 3+ -— i (b) Summer; winter 
1 | 1 i i i (c) About 0.5 mo 
TAF тг з 
] ! ' ] UNE ! ! As x — 0, f (x) oscillates 
| Н | | ТАЄ | | between 1 and — 1. 
| i | | + 81. d = 27 sec x 
35. У 37. A 
W | А. | 
1 i 1 1 1 j ра gi -4 | | 
бу у ү ү _—+ | p> x 
i [ E | Z п 0 т z 
| 2 4 4 2 
Angle of camera 
39. 4 41. 3 83. True. For a given value of x, the y-coordinate of csc x is the 
m. MJ Г reciprocal of the y-coordinate of sin х. 
Е т " is 85. (a) 2 
2 2 (2 ? 
\ i E з 
“4 _3 
43. 3 45. 0.6 
U NN À 
E " А " 0.7391 
: 2 (b) 1, 0.5403, 0.8576, 0.6543, 0.7935, 0.7014, 0.7640, 0.7221, 
Г\ i { 0.7504, 0.7314, . . .; 0.7391 
-3 -0.6 87. (a) x2/3 (b) x2/3 
|n Зп m 5m 7n m Sa Un Domains of f, g, f° g, and g ° f: all real numbers x 
47. | ТТ 49. Ami ir 
4 4'4 4 6 6 6 6 89. (a) (x = 1)? (b) / x* — T 
51. 01, a Эл Domain of f: all real numbers x 
3 3553 Domains of g and f° g: all real numbers x such that x > 1 
53. Even 55. Odd 57. Odd 59. Even Domain of gof: all real numbers x such that x = —1 
61. d, f>0as x0. 63. b, е0 аѕ x 0. orx > 1 
5. 7 7. , 1 
б A $ A 91. No inverse function 93. h- (x) = T 
24 , 95. f(x) = Қа? + 6), х2 0 97. In} = —0.693 
| 24 
1 Section 4.7 (page 324) 
-3 -2 -1 1 2 3 
= М\ЛУЛ\Л\/.. 1. у=зш!х;—1<х< 1 
-2+ -r л _ 2i , . П ЯТ. 
pu zit 3. y = tan M QM ES LI 
The functions are equal. The functions are equal. S cic lxopaeccr T.E 9,2 11. Z 
1 6 6 2 6 
69. 71. 
2 
13. Not possible 15. -Z 17. Z 19, -Z 
-8 8 -9 9 3 3 3 
21. 4 
g 
-1 -6 
As х œ, g(x) 0. As х 00, f (x) 0. E: - 
73. è 75. 2 ê f 
-1 
23. 1.19 25. —0.85 27. —1.25 29. Not possible 
0 вт = d 31. Not possible 33. —1.50 35. 25 ES 1 
-2 -1 
As х0, y oc. As х0, g(x) 2 1. 
Copyright 2022 Cengage Learning. АП Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 


Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Ceng: 


Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


37. 


41. 


49. 


57. 


61. 


65. 
67. 


69. 


73. 


77. 


81. 


85. 


87. 


+ 
0 = arctan — 39. 0 = arcsin ~ 5 2 
оз а^ 4&3 412 
5 _ 5 
13 5 NE 
12 51. 3 53 2 55. 2 
1 
JÁi-40sxsi 59 x20 
9— x? 
J/1-xx,0sxs1 63 F ,0«xz0 
24 2 
LI UE M >0,x>0 
х 

2 
a 

8 
Asymptotes: y = +1 
9 pl 
з? + 81 з? — 2x + 10 

y 75. › 

A А 


N 


nt 
zl 
і + і L— х 
-2 -1 1 
F Ц Ц + > х 
-4 -—2 2 4 
-r+ 


Vertical stretch Shift 2 units up 


y 79. 27 


0 
Ц » у 
т 83. 3r 
-2 4 
-2 2 
=. 0 
: 7 
3/2 sn( 21 + =) 
6 
i MU | 
-6 


The graph implies that the identity is true. 
л 


л 
2 89. 2 91. л 


Answers to Odd-Numbered Exercises and Tests 


93. 
95. 


97. 
99. 


101. 
103. 


105. 


107. 


109. 


119. 
127. 


129. 
131. 


137. 


A121 


(b) About 0.13, about 0.25 
(b) About 6.5 m 


(а) 0— arcsin 2 
(a) About 32.9° 
(а) 0 = arcsin © (b) 30°; about 59.0° 


л , arcsin(—1) _ —л/2 1 
4 агссоѕ(— 1) л 2 


1) = 


False. arctan( 


5л. л ‚ Р 
False. —— is not in the range of the arcsine function. 


T. i к . 
g 5 not in the range of the arcsine function. 


Domain: (— оо, оо) 
Range: (0, 7) 


y 


Domain: (— 20, — 1] U[1, оо) 
Range: [—7/2, 0) О (0, 2/2] 


ком 
| 
і 


7 3n 
1 111. 1 


117 121. —0.12 
(a) fof! 


л л 2л 
113. — 115. — 117. — 
6 3 3 


123. 0.19 125. 0.54 
ШИ 


-2 -2 

(b) The domains and ranges of the functions are restricted. 
The graphs of ff^! and f~! of differ because of the 
domains and ranges of f and f^ !. 


(a) A (b) > (c) About 1.25 (d) About 2.03 
4/5 


5 
tan 40° = — 
с 


C 


133. 4/2 135. cos 40? 


Section 4.8 (page 334) 


1. 
5. 


bearing 3. No 


a == 10.39 7. b = 1421 
b=6 c == 14.88 
В = 30° А = 1072? 
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А122 Answers to Odd-Numbered Exercises and Tests 


9. с= 5 11. а = 52.88 7. (а) 9. (а) 
А = 36.87° А = 73.46° A A 
B = 53.13° B = 16.54? 
13. 3.00 15. 2.50 17. About 214.45 ft 
19. About 19.7 ft 21. About 20.5 ft 23. About 11.8 km 85° 
25. 
25. (a) About 25.98 ft (b) arctan 2 d * x 
(c) 45.0ft < d € 55.7 ft 4л 
27. About 56.3? 29. About 75.97? 31. N 56.31° W : 
33. (a) About 429.26 mi north, about 2434.44 mi west 
(b) 280° (b) Quadrant II (b) Quadrant I 
35. (a) About 4820.7 ft (b) About 124.5 sec 
2n 107 8 5 
37. (a) N58°E (b) About 68.82m 39. About 29.4 in. EISE ате 
4 у 
41. АБош 35.3° 43. d — 4sinzt 45. d =3 cos = 11. (a) l (b) Quadrant III 
К eo (с) 250°, —470° 
47. w = 524n 49. a) 9 (3 (09 (@ 5 
51. (а) р (03 (00 (d$ 
; 7 7 
53. (a) 1 (b) 8 (c) 32 x 
ү fi = 110° 
| к\/л\/зм\т 13. About 48.17 in. 15. About 523.60 in.? 
Г 13 J3 А 
| п. (-ъ%) ge (-X-i 
. 3л /2 3n 
s кее. Мыз “= 
55. (a) " i 21. sin 4 2 csc 4 J2 
83 n» cos 2% = L2 ie Se 2 
Be I 4 2 4 
BS 64 Эл __ 3m __ 
E a | tan 4 1 cot 4 1 
$ Le: 2 
246511 3.52. 3s 5D 27.3.2361 29. 753130 
Month (1 €» January) 2 2 
. 4/41 /41 
(b) S=84 6.3 cos стог8 = 8 | 63 sin( Zr + 3 31. sin 9 = 41 csc 0 = 4 
The model is a good fit. does 5/41 — /41 
(с) 12. Yes, sales of outerwear are seasonal. 4l 3 
(d) Maximum displacement from average sales of $8 million tan @ = 1 cot = 5 
57. False. The scenario does not create a right triangle because the 5 
tower is not vertical. 33. 0.6494 35. 3.6722 
59. 2(3? + 55 — 1) 61. (Sy + 1)(2y — 3) 37. (3 (Ы) э? (с) M2 (d) м 
63. (52 + x)(52 — x) 
JE o 39. About 73.3 m 
65. (а) "77 15 (04 (d VIS 41. sing = 1 csc 0 = 3 
P cos 0 = i sec 0 = 3 
67. log; 5x 69. log —— — — —— a : 
= (x + (x — 2) ап Ө = 3 cot@ =? 
а m ; _ 4 EN. 
Review Exercises (page 340) 43. sin@ = 5 esc 0 = 4 
3 5 
ww 3. 60° cos0 = 5 sec 0 = 5 
` d tan = 3 cot @ = 3 
5. (a) / (b) Quadrant IV 3 n 
(c) E E 45. sin 0 = xu csc Ө = it 
157 4? 4 : 
4 
g=2 
| cos 6 
tang = -X= cot @ = —ЗУ 
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Answers to Odd-Numbered Exercises and Tests 


TEE Бат 
47. sin@ = 5 csc Ө = 21 
5 
sec Ө = E 
meee "UL 
2 21 
49. 0' — 84° 51. 6' = С 
264° 
p? 


53. sin(— 150°) = L, cos(— 150°) = Уз, tan(— 150°) = УЗ 
QT КЕ л Ll Л ^ у> 

55. sin 3 2 ; COS 3 jm 3 J3 

57. 0.9613 59. —0.4452 

61. , 63. , 


5. » 
6 Á 
10+ 
8+ 
a+ 

I—1—34 ——— x 

-3 -2 -1 1 2 3 

67. H 
"Y 


69. (a) y = 2sin 528zx 
(b) 264 cycles/sec 


A123 


73. ‘A 


75. Ы 


-6 


As х +оо, f(x) oscillates. 


71. = 79. А 81. —0.92 83. 0.06 
— 2 
85. : 87.3 8919 g, Y*5 
X 
c 
7$ 
93. 
70m 
0 
30m 
0 ~ 66.8? 


95. About 1221 mi, about 85.6? 
97. False. For each 0 there corresponds exactly one value of y. 
99, The function is undefined because sec Ө = 1/cos 0. 
101. The ranges of the other four trigonometric functions are 
(=, oo) or (—90, — 1] u [1, оо). 


Chapter Test (page 343) 


1. (a) A 
5л 
4 
13r Зл é 
Bj e (c) 225 


2. 3500 rad/min 3. About 709.04 ft? 


‚7л 1 7л КА 
4 Ane 5 SOS e: oe. 
"In m 3 
шг: 
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А124 Answers to Odd-Numbered Exercises and Tests 


Я 3/13 v13 
5. sin Ө = —~— csc Ө =—— 
13 3 
2/13 J 13 
cos 0 = ——— sec Ө = ~~— 
13 2 
2 
0 = = 
со 3 
: 310 _ 4/10 
6. sin @ = —— csc Ө = ~— 
10 3 
disi o Io sec 0 = — V10 
10 i 
{апд = —3 cot ð = -7 


7. Quadrant Ш 8. 150°, 210° 


i 4 ; 21 
9. зшӨб=— 10. sin Ө = 5 
4 20 
tang = —3 cos 0 = —5 
5 
csc 0 = —i tan Ө = –21 
5 29 
sec 0 = 3 csc Ө = 51 
3 20 
cot @ = —4 cot = —5, 
11. \ 12. , 
Г A 
4+ L 
3 24 


15. ы 16. 6 
-6 6 
0 32 
-4 -2 
Period: 2 Not periodic; 
As x 0o, y 20. 
17 532 
3 
18. Эт 
-3 3 
-3r 


19. About 309.3° 20. d = —6 cos zt 
Problem Solving (page 345) 


1. (a) US rad or 990° (b) About 816.42 ft 


3. 
5. 


11. 


13. 


h = 51 – 50 sn( 8m + z) 


(b) About 3705 ft 
w + 3705 
3000 


(a) About 4767 ft 
(c) w = 2183 ft, tan 63° = 


. (а) З (b) z 


-2r 2т -2т 2т 


Even 


70 


(b) Period — 2 sec: This is the time between heartbeats. 


(c) 20 mm; The blood pressure ranges between 80 mm and 
120 mm. 

(e) Period = i sec; я 

(b) Period of f: 27 


Period of g: л 


(d) 80 beats/min 
(a) 


(c) Yes, because the sine and cosine functions are periodic. 

(a) About 40.5? 

(b) x ~ 1.71 ft; y ~ 3.46 ft 

(c) About 1.75 ft 

(d) As you move closer to the rock, d must get smaller and 
smaller. The angles 0, and 6, will decrease along with the 
distance y, so d will decrease. 


Chapter 5 


Section 5.1 (page 353) 
1. cot u 3. csc?u 
; J/21 5/21 
5. sinx = —— csc x = — — 
5 21 
2 
cosx = —5 sec x = – = 
</ 21 2/21 
tanx = —— cotx = ———— 
2 21 
7. sind = -2 ecd = -$ 
cos Ө = y sec Ө = 47 
4 7 
tang = 27 SU 
Р 2/13 /13 
9. sinx = —— csc x = —— 
13 2 
3/13 /13 
cos x = ——- sec x = ~—— 
13 3 
tanx = = cotx = л 
MN 
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Answers to Odd-Numbered Exercises and Tests 


11. c 12. b 13. f 14. a 15. e 16. d 
17. cos 0 19. sin?x 21. secx +1 23. sin^x 
25. csc? x(cot x + 1) 27. (3 sinx + 1)(sinx — 2) 
29. (csc x — 1)(сѕсх + 2) 31. sec 0 33. соѕ2 ф 
35. sec f 37. six 39. 2сѕс2х 41. -2tanx 
43. —cotx 45. 1 + cosy 47. sinx 49.0<0<х 
51. 35100 — 53.2tan0 55. In|cos x| 
1 
57. In|csc г sec r| 59. u=tan@ 61. True. sin 0 = 
csc 0 
63. True. csc x = 2 , sec х = : ,tanx = BM р = шыш 
sin x COS X COS X sin x 
65. cos0 = * 1 — sin? 0 
tan 0 = +" Д 
/1 = sin? 0 
Sane 
ПЕРС ТЕ vi sin? 0 
sin 0 
sec Ө = "C MEM 
~ JI — sin? 8 
ө = 1 
Sa sin 0 
4 
67. asec Ө 69. = „x #—-4,0 
71 ы + —1,0 73. 58 75. 32 
.->—,, x # - 1, Я 2 
(х — 1)? 


77. 


+++ = 


— o вш 


=6+ -4+4 
81. True. In(xy) = Inx + In y 


Section 5.2 (page 360) 


1. identity 
3. Sample answer: Actual equivalence of two expressions can 
only be verified algebraically. 
5-41. Answers will vary. 
43. (a) 3 


= 
(c) Answers will vary. 
45. (a) 


Not an identity 
(c) Answers will vary. 
47-49. Answers will vary. 


51. 


А125 


(a) Answers will vary. 
(b) Sample answer: 
0 5° 15° 30° | 45° | 60° 75° | 90° 
s | 57.15 | 18.66 | 8.66 5 2.89 | 1.34 0 
(c) Minimum: 90? (а) Noon 
. False. (1 + csc x)(1 — esc x) = 1 — cse x + csc x — csc? х 
= | — csc? x = —co?x 
. cot(—x) = — cot x 
. The equation is not an identity because tan Ө = + ‚/$ес? 0 — 1. 


Sample answer: = 


59. x = —2,17 61. x = —9,7 
63. (a) 0 = 0° = 0, 0 = 180° = л 
л 3n 
b) 6 = 45° 0 = 135° 
(b) 5 T 35 1 


Section 5.3 (page 370) 


1. isolate 3. quadratic 5. cos0 = 1 
7-11. Answers will vary. 
13 La Or la 15 254 dun Элл 
3 пл, 3 7 3 пл, 3 n 
7 5n 7 2n 
.—d — + = + пл, — + 
17 6 пл, 6 пл 19 3 пл, 3 пл 
3л пл 
21. nz, E + 2пл 23. E 
25. пл, + + 
. nm, 6 пл, 6 пл 
2л.^ +2 раа +2 
(37 пл,л + 2nm, 3 пл 
7 5л л 5л 
29. л + 2nz, 37 2nm, 3 2nz 31. 2 4 
л Зл 2л Ал л 2л 4л 5л : 
33. 22° 3° 3. 35. 33° 3° 3. 37. No solution 
л л 5л л пл 
x .zob ил, + <от t+ 
39 2 41 6 пл, 6 nn 43 12 3 
45. 3 + 4пл, К + 4пл 47. a + 2пл 49. 3 + 4n 
5]. 3.553, 5.872 53. 1.249, 4.301 55. 0.739 
57. 0.955, 2.186, 4.097, 5.328 59. 1.221, 1.921, 4.362, 5.062 


61. 
63. 


65. 


67. 
69. 


71. 


73. 
7S. 
TT. 


79 


arctan( —4) + nz, arctan 3 + nz 


л 
z + пл, arctan 5 + nz 
7 5л 
= + 2nn,— + 2nm 
3 3 
1 1 
arctan 3 + пл, arctan( — 1) tnu 


1 
arccos 4 + 2пл 


агссоз 1 + 2nz, 
= + 2пл aresin( -1) + 2пл, arcsin 1 + 2пл 
2 ? 4 í 4 
0.3398, 0.8481, 2.2935, 2.8018 

1.9357, 2.7767, 5.0773, 5.9183 

— 1.154, 0.534 

. 1.110 
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81. (a) 2 (b) ae 1.0472 b) в 
0 2т T == 5.2360 0 Qa 
0 
2 л = 3.1416 is 
Maximum: (1.0472, 1.25) x-intercepts: E о), (x, 0) 


Maximum: (5.2360, 1.25) 
Minimum: (0, 1) 


Minimum: (3.1416, — 1) 99. 1 
101. True. The first equation has a smaller period than the second 


7 
(b) 4 == 0.7854 equation, so it will have more solutions in the interval [0, 2л). 


(c) Yes; Answers will vary. 


83. (a) 
5 103. The equation becomes cos?x — 2; No 
л __ TE 
u ^ 920 105. х=2+ 24/3 107. х= –1 + 22 
109. х=6+ 24/5 Ш. х= +1 
YA 
З guid ais. мыз 
x x — 9 
117. ,0=х<2 


Section 5.4 (page 378) 


o 
n 
N 
3 


Maximum: (0.7854, 1.4142) 
Minimum: (3.9270, — 1.4142) 


85. (a) 2 (b) rus 0.7854 
Я ; tan u + tan v 
А РА т ~ 3.9270 1. sinu cos v — cos u sin v 3. ct eine 
3л 5. cos u cos v + sin u sin v 
— == 2.3562 л л 
is 4 7. Sample answer: (7 + z) 
7 - 
Maximum: (0.7854. 0.5) T ~ 5.4978 Z- JA +1 
Maximum: (3.9270, 0.5) 9. (a) 4 (b) 2 
Minimum: (2.3562, —0.5) T „76 + /2 b J2 — J3 
Minimum: (5.4978, —0.5) - (a) 4 (b) 2 
87. 1 89. 0.04 sec, 0.43 sec, 0.83 | 
sec sec sec 13. sin 117 Е x2 A _ 1) 
91. January, November, December 12 4 
93. (a) and (c) llr 2 | 
100 cos 12 4 (V3 у 1) 
Я : es 
‚17л 2 
Р " 15. sin 12 4 (V3 } 1) 
0 
The model fits the data well. cos n = xA = КА 
лі Тл 
= 26. =] + 57. 
(b) C 26.55 cos% z) 57.55 tn = 2+ V3 
(d) Above 72°F: June through September A 
Below 72°F: October through May 17. sin 105° = ru E F 1) 
95. (a) 


cos 105° = XA - Л) 


tan 105° = -2 — 4/3 
J2 


| 19. sin(—195°) = we - 1) 


A = 1.12 WE ы, 
(b) 0.6 «x < 11 cos(— 195°) 7 (v3 1) 
97. (a) 


o 
1)! 
nA 


21. sin —— = — 


o 
Ч 
N 
3 
Q 
© 
aJe ИС 
ww 
JE NIA 
ll 
| > 
| N 
so = 
N -— 
== 
— | 
+ S 
wo 
QE 
a 
ч 


Graphs intersect when x = 2 and x = л. 12 
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(c) 2 (d) As h—0*, f 0.5 and 
g0.5. 
-3 3 
-2 
12 
103. sind = -< 105. sing = “> 
13 5 
12 2 
tan 0 = – Pe 
5 5 
13 
esc = — 15 csc 0 = 4/5 
sec Ө = — E 
2 
udis > cot@ = —2 
12 
107. х= 2 +27 109. x = + 2n ie 


Section 5.5 (page 388) 


1. cos 2u 


5л J2 
23. sin( z) 4 (1 H Л) 
5л J2 
cos =) E (З 1) 
5л 
(7) ==2= КА 
25. sin 285° = -XA s +1) 
соз 285° = 25 — 1) 
tan 285? — -(2 + B) 
27. sin(—165°) = "АЕ 1) 
2 
cos(— 165°) = Y (1 + 3) 
{ап(— 165°) = 2 – J3 
29. sin 1.8 31. cos 170? 33. tan 2 
3 1 
35. cos(3x — 2y) 37. 2 39. 5 
4.0 4-2 45-3 47.8 49,2 


51.- 53. 2. 55.1 57. 


59-65. Answers will vary. 67. —si 


0 
ng 69. —sec 0 


3. 


Sample answer: Product-to-sum formulas are used in 
calculus to solve problems involving the products of sines 
and cosines of two different angles. 


71-73. Answers will vary. 


75 


. (a) Ja sio + z) (b) С — z) 


2 
5. пл, 5 + 2пл, т + 2пл 7. zs 9. = 
11. е } пл, + nm, = + nz 13. 3 sin 2x 
15. 3 cos 2x 17. 4 cos 2x 
; 24 7 24 
19. sin 2u 25, COS 2и = 55, tan 2u = —5 
21. sin2u — 5 cos 2u — 8. tan 2и = 15 


23. 8cos*x — 8 соѕ2 х + 1 


25. (3 + 4 cos 2x + cos 4x) 


77. (a) 13 sin(30 + 0.3948) (b) 13 cos(30 — 1.1760) 

79. J2 sin + 2 cos 0 

81. (a) y= > sin(2t + 0.6435) (b) Эп (с) ~ cycle/sec 
83. z% 85. = 87. 0,5. n 

89. х 21 $n ор, = 


93. True. sin(u + v) = sin и cos v + cos u sin v 


95. The denominator should be 1 — tan x шп = 1 — tan x. 


97. ? 


-2 


No, y, # y, because their graphs are 
99, Proof 
101. (a) All real numbers Л except h = 0 


different. 


om 0.5 0.2 0.1 
f(h | 0267 | 0.410 | 0.456 
g(h | 0.267 | 0410 | 0.456 
h 0.05 0.02 0.01 
f(h) | 0.478 | 0.491 | 0.496 
g(h | 0.478 | 0.491 | 0.496 


37. 


39. 


1 
А RS — 4 cos 4x + cos 8x) 29. 


. &(1 — cos 8x) 


. sin 75° = 3/2 + 3 


(3 — 4 cos 4x + cos 8x) 
(3 + 4 cos 4x + cos 8x) 


35. sin 112° 30' = 3/2 + 2 
cos 112° 30’ = –14/2 — 4/2 
-1 


tan 112? 30' = - /2 


cos 75° = 142 — 4/3 


tan 75° = 2 + /3 


nl = 2—1 


(a) Quadrant I 


И 9 u 4 u 3 
(b) sin 2^5 cos 2^5 2^4 


41. (a) Quadrant II 
(b) si и 426 u 5/26 du 1 
sin 5 26^ 0955 26 ^95 5 
л Sn 1 
43. л 45. 33 47. j (cos 20 — cos 80) 
49. 1(соѕ(— 20) + соѕ 60) 51. 2 cos 40 sin 0 


53. 


2 соѕ 4х соѕ 2х 55. vo 57. — J2 
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5л 
6 


лл Зл 5л Зл 7л 
Р ЕРТ 
63-65. Answers will vary. 
М? —2 

М? 
69. Answers will vary. 
71. True. sin(—2x) = 2 sin(— x) cos(—x) = —2 sin x cos x. 
73. В = 63° 75. B = С = 45° 77. 0.8829 
79. — 1.4945 
81. (а) About 104.95 nm south, about 58.18 nm west 

(b) S 36.7? W; about 130.9 nm 


59. 0 61. 


oa 


67. (a) cos 0 = 


(b) - (c) 1520 mi/h 


Review Exercises (page 392) 


1. cot x 3. cos x 
; S21 5/21 
5. sin@ = —~— csc Ө = ——~— 
5 21 
eee 2.5 
cos Ө = 5 sec Ө = 2 
| 21 _ 2421 
tan 0 = 2 cot 0 = 21 
7. sin?x 9. | 11. tanu secu 13. co? x 


15. —2 tan? 0 17. 5cos 0 19-25. Answers will vary. 
л 2л л 
27. 3 + 2n, 3 + 2пл 29. 6 + пл 
зї, Жыл, Ae 33. La. ug 
03 IS пл (0m (Oy 
л 3m 9л llr л 
3.3 3 8 8 39. > 


л Зл 5л 7л 9л 11л 13л 150 
41. 
0, ову ро ру ро 87878 
43. пл, arctan 2 + пл 45. arctan(—3) + nz, arctan 2 + nz 


47. sin 75° = YA +43) . 49,44 = x3 3 - 1) 


12 4 
cos 75° = Y2( 3 — 1) шы к= ae 1) 
4 12 4 
= 25r 
{ап 75° = 2 + /3 tan = - /3 
‚ (—19л\ | 2 | 
51. si 12 | 4 (V3 | 1) 
—19л\ 2 
cos( 12 | 4 КА 1) 
—19л\ . 
| D )=2+ 5 
53. sin15° 55. -% 57. –1 
59-61. Answers will vary. 63. T = 


65. Sample answer: 4 sin x cos x — 8 sin? x cos x 
67. 8 cos? x sin x — 4 cos x sin x 
1 — cos 6x 
$9; 1 + cos 6x 
71. sin(—75°) = —5./2 + 4/3 

cos(—75°) = 14/2 — /3 

tan(—75°) = —2— 4/3 
73. (a) Quadrant II 

2/5 uoc NA u 


(b) sin = 5 » COS 2 zotan = 2 


Answers to Odd-Numbered Exercises and Tests 


75. 


77. 


81. 


83. 
85. 


87. 


(a) Quadrant I 


и _ 3/14 и _ /70 и 


‚ СО$ 


(b) sin 


2 14 2 14 2 5 
Hsin 100 — sin(—26)] 79. 2 cos Le cos £ 
0 = 15° or 
False. If (1/2) < 0 < m, then 0/2 lies in Quadrant I. 


False. 4 sin(—x) cos(—x) = 4(—sin x) cos x 
= —4sinxcos x 
— 2(2 sin x cos x) 
— —2sin 2x 
Yes. Sample answer: sinx — 1 has an infinite number of 
solutions. 


Chapter Test (page 394) 


PE 28 
1. sind = 5 esc @ = > 
J21 5/21 
cos ü = —-—— sec 0 = -= 
5 21 
OUO _ 421 
tan Ө = m cot 0 = 2 
2.1 3.1 4. csc 0 sec Ө 5-10. Answers will vary. 


. 2(sin 50 + sin 0) 12. —2 sin 0 


3n 7л л л 5л Зл л 5л 7л 11л 
13. 0, —, z, — 4. =, =, 2, = 15. — ук уч 
о алд 6'2'6'2 6 6 6° 6 
л 5n 3 J2 — 6 
16. 6 62 17. 0, 2.596 18. 1 
19. sin2u = -2 cos 2u = -4 tan 2u = E 
20. Day 30 to day 310 


. 0.26 min, 0.58 min, 0.89 min, 1.20 min, 1.52 min, 1.83 min 


Problem Solving (page 397) 


1. 


3. 
7. 


9, 


sin@ = + 1 — cos? 0 


ang = +1 cos 8 
cos 0 
1 

сссб=+————— 
J1 = cos? 0 
1 

sec O = — 

cot 0 = pe cose. = 
„Л = cos? 0 


Answers will vary. 5. u + v = w; Proof 


. 9 0 = vu РУЛЫ E 
(а) А = 100 sin? cos; (b) А = 50sin6:0 = 5 
0.6W cos 6 
чу к= sin 12° 


(b) 550 (c) Maximum: 0 = 0° 


Minimum: 0 = 90° 
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11. (a) High tides: 6:12 A.M., 6:36 P.M. 53. (a) a = arcsin(0.5 sin f) 
Low tides: 12:00 A.M., 12:24 P.M. 


1 1 . 
(b) The water depth never falls below 7 feet. (b) Domain: 0 < B < x 
(c) 79 Range: 0 < a < Е 
0 т 
0 
0 24 : NE DEN r 
° (c= 18 sin[z — f — arcsin(0.5 sin [)] 


sin f 
13. (a) n= (cot 8 + л) (b) 0 = 76.5° (а) 2 Domain: 0 < f < z 
Range: 9 < c < 27 


7 5л 2л 4л 
< < < < 
15. (а) <= х5 < © зу Sx € 
л 
(9) 5 <х <л, < x < 2л or т 
л 5л 
(рел c sem ON o 0.8 12 16 


a 0.1960 0.3669 0.4848 0.5234 
Chapter 6 


Section 6.1 (page 406) 


c 25.95 23.07 19.19 15.33 


1. oblique 3. AAS or ASA, and SSA B 2.0 24 2.8 
5. A = 30°, а = 14.14, с = 27.32 a | 0.4720 | 0.3445 | 0.1683 
7. С = 105°, a == 5.94, b = 6.65 

9. В = 60.9°, b = 19.32, c == 6.36 @ 12.29 10.31 9.27 
11. В = 42°4', а = 22.05, b ~ 14.88 
13. C = 80°, а = 5.82, b = 9.20 


А$ В increases from О to л, а increases and then decreases, 
and c decreases from 27 to 9. 


15. В = 83°, a = 051, c = 0.62 55. True. If an angle of a triangle is obtuse, then the other two 
17. B = 21.555, С = 122452, c = 11.49 angles must be acute. 
19. В == 9.432, C = 25.57°, c = 10.53 57. False. When just three angles are known, the triangle cannot 
21. A = 10? 11, C = 154° 19', c == 11.03 be solved. 
23. В = 48.74°, C = 21.265, с = 48.23 25. No solution 59. False. The sine of the angle included between the sides is 
27. Two solutions: needed. 

B = 72.21°, C = 49.79°, с = 10.27 61. 3 63. 0 

В = 107.79, C = 14.21°, с = 3.30 65. (a) 5 (Ы) Even multiplicity (с) 1 
29. No solution (d) 30 
31. B = 45°, С = 90, с = 141 

5 5 
а < = ——— < b < —— 
ЕА ѕіп 36° И ѕіп 36° P P 
5 

(©) b > sin 36° 67 Є 
35. (a) b < 80 (Б) Notpossible (с) b = 80 W C93 Ее е 
37, 22.1 39. 944 41. 218.0 43. 223 (b) —3,5, odd D 0, even multiplicity (c) 3 
45. From Pine Knob: about 42.4 km (9 

From Colt Station: about 15.5 km 
47. About 77 m 

h 40 -6 2 

49. (a) sin 30° sin 56° (b) About 24.1 m as 
51. (a) Xx (b 16 h 


= Section 6.2 (page 413) 


sin 70? іп 32? 
рш | (c) About 9 m | cre = 
1. alternative 3. cos В = ——— — — 


2ac 
5. A = 38.622, В = 48.51°, С = 92.87? 
7. А = 17.61°, B = 28.96, C = 133.43? 
9. B = 23.799, C = 126.21°, a = 18.59 
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П. A = 43.31*, B == 28.69°, c == 13.87 27. › 
13. A = 30.11°, B == 43.16°, С == 106.73° u 
15. A == 132.77°, B == 31.91°, C = 15.32° = 
17. В = 27.46°, C = 32.54°, а == 11.27 =y 

19. A = 141° 45', C = 27° 40', b = 11.87 "4 

21. A = 27° 10, C = 27? 10’, b == 65.84 

23. А = 33.80°, B == 103.209, с = 0.54 

25. 12.07; 5.69; 135? 27. 13.86; 68.25; 111.8? 
29. 16.96; 77.2; 102.8? 

31. Law of Cosines; А = 102.44°, C = 37.56°, b == 5.26 29. (a) (3,4) (b) (1, —2) 
33. Law of Sines; No solution 7 ji 


А A 
35. Law of Sines; C = 103°, a = 0.82, b = 0.71 5T 3T 
37. 23.53 39. 5.35 41. 0.24 43. 1514.14 27 
45. About 373.3 т 47. About 103.9 ft IF u 
49. (а) N5977 E (b) N72.8°E 51. 41.2°, 52.9° 343 rim 
53. 72.3? 55. About 46,837.5 ft? 57. $83,336.37 | -1 = 
59. False. For s to be the average of the lengths of the three sides -2 ta -Y 
of the triangle, s would be equal to (a + b + с)/3. -3 J 
61. с^ = а? + 2; The Pythagorean Theorem is a special case of 
the Law of Cosines. (c) (1, —7) 
63. Proof у 
65. (а) 1 (b) v65 67. (а) -i (b) V17 2+ 2u 
69. (a) 0 (66 71. (a) 2 (b) 4/61 т Е er pe^ 
73. (a) sin 0 = 2 csc = 2 al -av 
2 -6l 
cos 0 = 2 sec 0 = — 4/2 “| 2u-3v 
tanü = —1 cot@ = —1 -104 
(b) sing = – 52 ese 0 = - V3 31. (a) (—5,3) Ы (75.3) 

2 | 7 \ 
cos Ө = ES sec = ./2 | 
tan = —1 cot@ = —1 IT 

u=u+v u-u-v : I 
Section 6.3 (page 425) al 
1. directed line segment 3. multiplication; addition үф CIN ы д лл MD x 
5. Two vectors are equivalent if they have the same magnitude ЕЕ лаш Да ! оа poo 
and direction. (c) (—10,6) 
7. Equivalent; u and v have the same magnitude and direction. | 
9. Not equivalent; u and v do not have the same direction. 12 + 
11. Equivalent; u and v have the same magnitude and direction. 107 
13. v = (1,3), v| = /10 15. v = (0,5); lvl = 5 "T || 
17. v = (—8,6);|lv| = 10 19. v = (—9, — 12); || = 15 ail 
21. v = (16, — 26); || = 2/233 | 
23. 1 25. | x 
ut+v 
Li 
Y 
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. (a) (1, —9) b) (—1,—5) 


—3v\4 


24 


2.4/2 
35.10 37.9.5 39. (1,0) 41. = x2) 
J37 6431 adis 
43. = -®ЗТ) 45. v = (—6, 8) 
_ [18/29 4529) 77 — 
47. v = | 29 ^ 29 49. 5i — 3j 51. —6i + 3j 
53. v = (3,—5) 55. v — (4,3) 
N i 
1+ +1 
MI 
| А | = u+2w 
1 2 3 ` 2- 
-1+ UN 11 2w 
A LY r^ 
-3+ En u 
57. v = (0, — 5) 
24 Tuus à 
u-2w 
-3 -2w 
-4 
59. |v] 2 6/20 = 315° 61. |v| = 3;0 = 60° 
E EN CES 1) 
63. v = (3,0) 6s. v-| 235 
4 А 
24 or 
all 
14 ot 
= = 150° 
mu sd cA 22 al ng 
-1+ 


69. 
75. 
77. 
79. 
81. 


83. 
89. 
91. 
95. 
97. 
101. 


103. 
111. 


115. 
117. 


A131 


v= (59) 
1 
34 
24 
1d 
t t t > х 
=] 1 2 3 
=14 
(2,4+ 2/3) 71. 90° 73. About 62.7? 


Vertical = 2.30 ft/sec, horizontal = 21.88 ft/sec 
About 12.8°; about 398.32 N 
About 71.3°; about 228.5 Ib 

T, ~ 15,484 Ib 

T, ~ 19,786 Ib 

J/21b;11b 85. About 20.8 Ib 
N 21.4° E; about 138.7 km/h 

93. True.a=b=0 


87. About 19.5° 


True. See Example 1. 


и, = 6 — (—3) = Yandu, = — 1 4 = —5,sou = (9, —5). 
Proof 99, (1, 3) or ( —1, —3) 
(a) 5./5 + 4cos 0 
(b) 15 
0 2т 
0 


(c) Range: [5, 15] 

Maximum is 15 when 0 — 0. 

Minimum is 5 when 0 = z. 
(d) The magnitudes of F, and F, are not the same. 
8.49 105. 3.16 107. 6.08 109. 17.09 


Жр 113. 1 
2 пл Ж 


А = 21.00°, В = 18.57°, С = 140.43° 
A = 37°, a = 12.10, b = 17.24 


Section 6.4 (page 435) 


. (24, — 12); vector 
Ы /10 — 1; scalar 


. 5/41 


.0 35. About 0.93 


. 90° 43. 26.57°, 63.43°, 90° 
. 41.63°, 53.13?, 85.24? 
. Not orthogonal 
. 35 (84, 14), 35(— 10, 60) 
. (3,2) 
O0 ij cii-ij 


. Sample answer: u* (v + м) = иу + у 


А (У ч х), 5. —19 7. 0 9. 6 11. 18; scalar 


Ivi? 
15. 0; vector 
21. —12; scalar 


T 
29. 2 


17. 60; scalar 
23. 17 


27. 6 31. About 2.50 


37. сы 39. About 91.33? 
12 

47. —20 49. 12,500./3 

53. Orthogonal 55. Not orthogonal 
59. (0, 0), (4, 2) 

65. (—5, 3), (5, —3) 

69. 32 


63. (0,0) 
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А1з2 


71. (а) $35,727.50 
This value gives the total amount paid to the employees. 
(b) Multiply v by 1.02. 
73. (a) Force = 30,000 sind 
(b) 


Force | 0 | 523.6 | 1047.0 | 1570.1 | 2092.7 | 2614.7 
d 6° J* 8° 9° 10° 
Force | 3135.9 | 3656.1 | 4175.2 | 4693.0 | 5209.4 
(c) About 29,885.8 Ib 
75. 735 N-m 77. About 779.4 ft-lb 
79. About 1174.62 ft-Ib 
81. False. Work is represented by a scalar. 83. 4 
85. The dot product of two vectors is a scalar, not a vector. 
(5.8) • (-2, 7) = 5(—2) + 8(7) = —10 + 56 = 46 
87. l;u-u=|lul? 89. Proof 
91. (a) 5 (Ы (3, 11) 93. (а) /74 (b) (0, 0) 
95, —12 + 14 97. —6 — 4i 99. | — 3i 
101. 4 
103. (a) (1, — 1) (b) (—7, 5) 
À А 
3+ 74 
2 6T 
24 al 
14 PE 
E—1—34 mmer 37 
=3 -2 -l М! 2 3 ЛИН 
“17 uv ni 
a] {33442413 — 
Section 6.5 (page 443) 
1. real; imaginary 
3. Reverse the sign of the imaginary part of the complex 
number. 
5. b 6. d 7. f 8. a 9. e 10. c 
11. Imaginary 13. ашлау 
gu а 
А А А Е Real e (-6, 8 84 
-4 -2 2 4 казы ` 
ET ы. 6+ 
S 4+ 
=й ` 
=$ i j 1 N n , Real 
Ф (0, -7) -8 -6 -4 -2 Жы. 
—84 -24 
7 10 
15. Imaginary 
Real 


Rights Reserved 


Answers to Odd-Numbered Exercises and Tests 


17. 
25. 


29. 


33. 


35. 
41. 
43. 


45. 
47. 
49. 
51. 


55. 


59. 


1. 
5. 


5 + 6i 19. 10 4 4i 21. 1 * 7i 23. —2 — 2i 
10 — 3i 27. —6i 
Imaginary 31. Imaginary 
A pu 
4+ 30 
Mi 60,3) 1,2024 
it 14 
Real ; , А 7 iz» Real 
-2-1,, 123456 ®% -4 -3 -2 -1 | 2 ais 
1 S 
-24 
-34 ө (2,-3) (-L-2e + 
-44- 23d 
2— 31 —] + 21 
Imaginary 
is (0, 8) 
6+ 
4+ 
t ? | r Real 
-8 -6 -4 -2, | 2468 xis 
E 
-64- 
-3% (0,-8) 
— 81 
2/2 = 2.83 37. 109 = 10.44 39. (4,3) 
9 3 
(3, -3) 
(a) Ship A: 3 + 4i, Ship B: —5 + 2i 


(b) Sample answer: Find the modulus of the difference of the 
complex numbers. 

False. The modulus is always real. 

False. |1 + i| + |1 — i| = 2/2and|(1-  -(0— )| 22 

A circle; The modulus represents the distance from the origin. 


57. 


sin Ө = EE X 

cos 0 = _ 26 
26 
/26 

csc Ө = =; 


sec 0 = — 4/26 


cot 0 = 


чл nie 


л л 
61. "е tm 


+ —2 53. 2 + 2i,5 
4 
шө eas 
sin 5 
4 
t = —— 
an 0 3 
5 
csc 0 = n 
5 
sec 0 = 3 
cot 0 = -3 
Tr 43 1л +2 
=> nī, —— пл 
6 6 
Section 6.6 (page 452) 
DeMoivre’s 3. 
Imaginary 
Pu 
1 ‚* l+i 
20 1 - Real 
1 2 axis 


6 


r is the modulus and 0 is an argument of z. 
7. 


Imaginary 
axis 
A 
х Real 
Т ; ?" axis 
\ 1 2 


2(c0s т + isin =) 
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Answers to Odd-Numbered Exercises and Tests A133 


9. Imaginary 11. Imaginary 12. 12. 
m ai 39. -1 а. E + M3; 43. -1 
—————À—3——34—- Rel — > Real 1 1 
„К КЕЛТЕ. к 45. 608.0 + 144.71 47. n prm 35 49. —4 — 4i 
ЕА E ER 51. 8i 53. 1024 — 1024 3i 
/ b a 55. (а) J/5(cos 60° + i sin 60°) 
d -3+ zn o ol o 
" d | M 5(cos 240° + i sin 240°) 
—2(1 +v3i Eus -8 + 1 1 
(b) 3 + Ыы v5 3 
2 2 2 2 
4( "быгы =) 5( ы x Biss 
cos 3 isin 3 cos 5 i sin > (c) agin 
13. ey 15. Imaginary 
А єв 
-7+4 
е 4+ 
17 = 
ты =| 
Р A „ Real i i D Real 
1 2 axis -8 -6 -4 -2 axis 
sip І 
4+ 
57. (а) (b) 1.5321 + 1.28561, 
2(cos 0 + i sin 0) 4/65 (cos 2.62 + i sin 2.62) _ 1.8794 + 0.68401 
E cu 19. ecu д» EP oom т) 0.3473 — 1.9696: 
A 9 9 
54. ——— 9 > Real 147 147 
-10 -8 -6 -4 -2 ^ aus GIAN icc mp irem 
44 p (oos 9 + isin 9 | 
S К -44 Imaginary 
24 23 48i rs * (c) axis 
[оё ў zen 
| “ү pL Beal "A “87 
[1345 und -8-5V8i e 
2 [eos е + isin z) /139(cos 3.97 + i sin 3.97) -3 
21. 1+ /3i 23. an 2x2, 
Imagina: Imaginar; , 
ad s i 59. (a) 10(cos 0 + i sin 0) (b) 10, —5 + 5 /3i, 
Qn... 2л -5 – 543i 
ot 3T 10| cos 3 + isin 3 
ке -9y2 , 92; 2 4л 4л 
2% 8 8 T uad ce aem 
TP e to(cos 3 isin и) 
F4 YS N IF (c) Imaginary 
t t s Real i А i Е? Real 
1 2 в a ОТ > axis 
25. 6— 243i 
Imaginary 
pu 
31 
2+ 
id 
А p++ > Rel 
117234567 ш 
= ы. 
s3 “ы. 
° 
= 6-2V3i 
254 


27. 4.6985 + 1.7101? 29. — 1.8126 + 0.84521 


31. п{е®® + isin z) 33. Keos 150° + isin 150°) 
35. {Cos 30° + i sin 30°) 37. cos м + isin 2л 
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A134 Answers to Odd-Numbered Exercises and Tests 


61. (a) JA cos 2 + isin z) (b) 1+i-1+i, 67. (a) J cos 7 + isin =) (b) 0.6420 + 1.2601i, 
à 3 —-]-iüll-i 3 3 -1+i, 
VA cos re + isin +) „(о zs + isin x — 1.2601 — 0.64201, 
0.2212 — 1.39681 
5m |... Sa 23m |, . 23m ? 
„(о a isin =) VA cos 30 7 1510 A) 1.3968 — 0.2212i 
7 7 1 1 
„(о “з + isin т) „(о P4 + isin за) 
Imaginary 
(© “5 „(о me + isin Zr) 
2+ (с) Imaginary 
"E 
ot 
П Ls Real 
-2 2 axis 
i Real 
E 2 axis 
E 
63. (a) cos р + ising (b) 0.9239 + 0.38271, 7 
5 5 — 0.3827 + 0.92391, 4л ips 
COS са + isin гЗ — 0.9239 — 0.38271, 69. (a) s{cos EN + isin =) (b) 0.8682 + 4.92401, 
0.3827 — 0.92391 107 107 — 4.6985 — 1.71011, 
сов rs + isin = 5{cos -g + isin m) 3.8302 — 3.2139i 
cos =" + isin =” 5{cos we + isin л) 
(с) Шашу (с) nagina 
6L 
| РЕ Real | У_ Real 
-2 2 axis Е 6 ахіѕ 
ag 
3л ЕС Зл Imaginary 
65. (a) 5{cos т + isin +) (b) _5v2 + 52, 71. соз g eS g EV 
4 4 2 2 7 » 
scos Z + isin) 5/2 _ 5/2, cos + isin 
4 4 2 2 
at lla stes ШЕ 
(c) Imaginary cos —— + i sin —— 
as 8 8 
‘T cos Du i sin Eo 
8 8 
| > Real Imaginary 
-6 6 ахі 73. (cos Е + isin z) ae 
44 
(oos эл. i sin эт) 
_6- 5 5 
3(cos z + i sin л) _ Real 
(oos Lom i sin т) B di 
5 5 
(eos = + isin эл) “47 
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Imaginar 
75. 2(cos = + isin x "s , 
д С + isin m) il 
8 8 
| 11л па) 
2 Соз т ". + fi , Real 
8 8 -3 3 axis 
д Dra i sin e) 
8 8 
EM 
7л Tr Imaginary 
$ — + isin — axis 
77. cos jj ^ isin т) x 
5л 5л ?T 
$ — + ue 
cos 4 i sin 1 | 
23л 23л Real 
: mti in —7- 2 ? axis 
V cos 12 1511 з s: + 
-24 


. E = 24(cos 30° + i sin 30°) volts, E = 124/3 + li volts 
. False. They are equally spaced around the circle centered at 


the origin with radius 2/r. 


83. Answers will vary. 85. The answer is 2/3 + 2i. 
87. Yes 89. No 91. y=4-x 
2 4 1 3 
з= ей ый op las 
“3 3 2 2 


Review Exercises (page 456) 


юли 


21. 
23. 
25. 
27. 
29. 
31. 
33. 
37. 
39. 
41. 


. C = 72°,Ь = 12.21, c = 12.36 


A = 26°, a = 24.89, c == 56.23 
С = 66°, а = 2.53, b == 9.11 
B = 108°, a == 11.76, c == 21.49 


. A == 20.41°, C == 9.59°, а == 20.92 
11. 
13. 
19. 


B == 39.48°, C == 65.52°, с = 48.24 
19.1 15. 47.2 17. About 31.1 m 
A = 16.99°, В == 26.00°, C = 137.01° 


Answers to Odd-Numbered Exercises and Tests A135 
(с) (—4,—12) (d) (—14,3) 
n А 
} > х зу 187 
2 4 6 E 
5u 12+ 
-6+ 3v + 5u T А 
-% -i2 -6. | 6 12 
(b) (—9, —2) 

А h 
10+ 6T 
8+ 4+ 

743] : 
ut+v 
‹ | 
zu piae zh 
EX su 
(с) (—20, 8) (d) (—13, 22) 
À А 
20 40 4- 
15 304 
du 10 3v+5u | 
Bcc 5 av 
u 
ES mis s 2 d t on + t I3 х 
45. (a) 7i + 2j (b) —3i — 4j 
iy 


A = 29.92°, В == 86.18°, C == 63.90? 
A = 36, C = 36°, b == 17.80 
А = 45.76°, В == 91245, c = 21.42 


Law of Sines; no solution 
Law of Cosines; А == 28.62°, B = 33.567, C = 117.82? 
About 4.3 ft, about 12.6 ft 
7.64 35. 8.36 
Not equivalent; u and v have a different direction. 
От) 
(а) (—4, 3) (b) (2, —9) 
А А 
6+ m >r 
-6 -4 -2 6 
41 
u+v 
j +—> х 
-6 -4 Ац 2 4 
=4 -124 
Copyright 2022 Ce 


(c) 8i — 4j (d) 25i + 4j 
у y 
А A 
44 15+ 
RI ur 3v 5u 
st 
0 H 5u 
60 ы а: 
8 -5 5 10 15 20 25 


Copyright 2022 Cengage Learning. АП Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it. 


9 WA LdVHO 


A136 


47. (a) 3i + 6j 


(b) 5i — 6j 


Answers to Odd-Numbered Exercises and Tests 


87. Not orthogonal 


89. —15(4, 1), I(— 1, 4) 


1 | 91. 3(-1,1),341,1) 93. 48 95. 72,000 ft-lb 
6 wy 24 97. Imaginary 99, Imaginary 
v Ps hi 
4 ral st 
4+ 4+ 
2 (5, 3) 
3+ 3+ „5 
н t і {œx 24 24 „7 
-2 2 u4 6 pd 
Fn (4, 0) Т7 
P А p+ 4 9 1 » Real ——— 5 Real 
-1 12 3 4 ж S -1 ] 303-45 8 
(c) 16i (d) 17i + 18j E E 
; ; 4 ye 
87, 207 5u 101. 3 + i 103. -2 + i 
64- 
44 3v\ T Зу + 5u 105. Imaginary 
24 7 | n 
әәә x 3T 
2 4 6 8 10 12 14 16 T 
-2+ 2+ 
= ——X 14 OD. 
=: -5 5 10 15 20 А ару Rel 
-8+ -5+ -l | 2 3 4 5 axis 
-lT (3,—1) e 
49. —i + 5j 5]. 6i + 4j 2+ 
53. (30, 9) 55. (22, –7) ST 
| | 3 —4 
21 
20 А DETIENE NE 107. /10 109. (3, 2) 
ES 10 20 25 30 111. Imaginary 113. Imaginary 
10 3y M T A 
p dd 5T "T Real 
Е -64 2u4 v T ——— 
| i rx 4e 4i al.2345678 
10 20 30 -8T oy i ad aot 7. 
-10+ -34- EN 
-10 E a+ ER E 
i+ -5+ IN 
П П П П П П , Real 6T N 
57. (= 10, —37) _3 22 E 1 2 3 axis -7+4 E 
y =. ER 7-Ti 
at reas Я " 
4{cos = + isin z) 1A со T + isin їл) 
5u 115. таару 
тл НЕ 19 A +4 , Real 
sandy -10 -8 -6 -4 -2 4L D 4 - aus 
+ 64+ 
59. |v| = /41;0 ~ 387 6. |М = 3/2; 0 = 225° PI 
63. |у| = 7; 0 = 60° -s-Die -24 
65. v = (-4, 4/3) ш 
13(соз 4.32 + isin 4.32) 
7л . Тл 2 ‘ 
А — + isin 5 "Hi ° 
117 acos jj isin z) 119 3 (соз 45 i sin 45°) 
121. = + $543, 123. 2035 — 828i 
67. About 50.5°; about 133.92 Ib 69. 45 71. —2 


73. 40; scalar 75. 4 — 2/5; 5са1аг 
77. (72, —36); vector 79. 38; scalar 
83. 165° 85. Orthogonal 


81. About 160.5? 
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125. (a) 3 cos T + isin z) (b) M, zm 
з( 77 +18йп т) is + 2.8978i, 
12 — 2.8978 + 0.77651, 
acos L7 а + isin 1) 3/2 3/2, 
12 2 2 
СЕ =) 0.7765 — 2.8978i, 
3| cos — 23 i sin — . 
4 2.8978 — 0.7765i 
(oos I2 191 + isin m) 
12 
(oos 22 e i sin эт) 
12 
(c) шешу 
Á 
at 
| i » Real 
zd 4 axis 
ES EIE 


127. (a) 2(cos 0 + i sin 0) 


2 2л isin? 
БОЗ е 57 


(b) 2, -1 + /3i, 
=] = J3i 


4 4 
д ce i sin | 


3 3 
(c) Imaginary 
vu 
31 
А » Real 
-3 3 axis 
34 
л, QTY 3/2 3/2. 
129. acos 2" i sin 4 2 2 Ї 
acos эт i sin žr) = 3/2 ! 32 
4 4 22 
a(cos as isin =) = 3/2 3,02, 
4 4 2 2 
a(cos їл i sin тл) = 3/2 3,2, 
4 4 2 2 
Imaginary 
41 
Р > Real 
=A 4 axis 
zd 
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Answers to Odd-Numbered Exercises and Tests 


131. 1 + isin z) = 2i 


д» а i sin A = 
6 6 


Imaginary 
axis 


133. True. sin 90? is defined in the Law of Sines. 
135. Direction and magnitude 


Chapter Test (page 459) 


1. Law of Sines; C = 88°, b == 27.81, c == 29.98 
2. Law of Sines; A = 42°, b = 21.91, c == 10.95 
3. Law of Sines; Two solutions: 

В = 29.122, C == 126.88, c == 22.03 

B = 150.887, C = 5.122, c = 2.46 


A137 


4. Law of Cosines; А  19.12?, B == 23.497, C = 137.309? 
5. Law of Sines; No solution 
6. Law of Cosines; A = 21.90°, B = 37.109, c = 78.15 
7. 2052.5 m? 8. 606.3 mi; 29.1? 9. (14, —23) 
10 (15x34 -30430 
` 17 ' 17 
11. (—4, 12) 12. (8,2) 
u+v 8 
6 u 
4 ad. d 
" 2 
+ » x -4 
-10 -8 -6 -4 -2 2 4 
-2+ -6 
13. (28, 20) 14. (—4,38) 
1 1 
| 5u 425 
307 —Зу 4u + 2v pt oy 
20+ 5u - 3v 7 
+ A 4u 
10+ + 
7] | 12 
-10 tu 3 3 6 
-104- 26 212 12 A i 
ib -6+ 
15. 5 16. dg z 9°; about 250.15 1b 17. 135° 


18. Orthogonal 2705,1); 22(—1, 5) 20. 
21. 4V/2{ cos 77 + isin sin) 22. -3+3/3i 


6561 656143 ; 


23. — 2 ` 2 24. 58321 25. 4, 
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About 104 Ib 


—4, 4i, —4i 


9 WA LdVHO 


A138 


л .. T 
26. (eos + isin z) 


3(cos ŠE + isin) 
6 "6 


acos ŽE + isin 27) 
СГА к 


Imaginary 
axis 
A 
et 
: Real 
NF H axis 
-44- 


Cumulative Test for Chapters 4-6 (page 460) 


1. (a) ; (b) 240° 
(c) -2 
(d) 60° 
^ 120 
(e) sin(— 120?) 3 csc(— 120°) = 243 


1 
cos(— 120°) = = 


/з 


tan(— 120°) 


ll 


2. -8307? 3.2 
4 > 


18 л 5m 7л llr 19 3л 


'66'6' 6 "2 


sec(— 120°) = —2 


V3 
EN 


cot(— 120?) — 


7. а= -3,Ь = п, с = 0 


9. 4.9 

10. $ 

11. /1— 4x? 

12. 1 

13. 2tan 0 

14-16. Answers will vary. 
лл Зл 5л 

ч 3'2'2*3 
16 4 

20. 63 21 3 


Answers to Odd-Numbered Exercises and Tests 


22. y5 23. sin M. sin л) 24. —2 sin 8x sin х 
5 2 2 

25. Law of Sines; B == 26.39°, C = 123.61°, с = 14.99 

26. Law of Cosines; B = 52.48°, C == 97.52°, a = 5.04 
27. Law of Sines; В = 60°, a = 5.77, c = 11.55 

28. Law of Cosines; А = 26.28°, B = 49.74°, С = 103.98? 
29. Law of Sines; С = 109°, a = 14.96, b = 9.27 

30. Law of Cosines; A = 6.88°, B = 93.12°, c = 9.86 

31. 41.48 in.” 32. 599.09 m? 33. 7i + 8j 


J2 < 1 21 
34. | 2*2 35. —5 36. i355 Ti 1) 
37. Imaginary 
Uu 
41 
34 
24 e (3,2) 
dc erp e gl 
111234567 Ws 
-2- e (3,-2) 
E 
-47 
3+ 21 
Зл ,. 3л de eu ò 
38. 2 2| cos 7 + isin 39. 24(cos 150° + i sin 150°) 
40. соѕ0 + isin0 = 1 
ag a= L4 V3; 
тя 27 3 
pus a i sin Ea cl УЗ, 
J ШЫ 2 3 
41. 5/2 + 5/2 v2, Imaginary 
2 2 s 


2542, 542. 61 
2 2 
5/2 5/2 


-= xi 


2 2 


5/2 _ 5/2, 
2 2 


42. About 395.8 rad/min; about 8312.7 in./min 


43. 427 yd? = 131.95 yd? 44. 5 ft 
45. About 22.6° 46. d = 4 cos a 


47. About 543.9 km/h; about 32.6° 
48. 425 ft-lb 


Problem Solving (page 465) 


1. About 2.01 ft 
3. (a) A 75 mi B 


i 60° Lost party ! 


(b) Station A: about 27.45 mi; Station B: about 53.03 mi 
(c) About 11.03 mi; S 21.7? E 
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11. 


Answers to Odd-Numbered Exercises and Tests 


. (8) @ 2 Gi) v5 Gii) 1 
(iv) 1 (v) 1 (vi) 1 
(b) (i) 1 (ii) 3/2 (ш) V13 
(iv) 1 (v) 1 (vi) 1 
(с) @ 8 Gi) 13 (iii) ym 
(iv) 1 (v) 1 (vi) 1 
(d) à) 2/5 Gi) 5/2 (ii) 5/2 
(iv) 1 (v) 1 (vi) 1 
. Proof 
. (a) 2(cos 30° + i sin 30?) (b) 3(cos 45° + i sin 45°) 


2(cos 150° + i sin 150°) 
2(cos 270° + i sin 270°) 


3(cos 135° + isin 135°) 
3(cos 225° + isin 225°) 
3(cos 315° + isin 315°) 


a; The angle between the vectors is acute. 


Chapter 7 


Section 7.1 (page 475) 

1. system; equations 3. substitution 

5. Break-even point 

7. (а) Мо (b) М (c) No (d) Yes 

9. (2,2) 11. (2, 6), (- 1,3) 

13. (0,0), (2, —4) 15. (0, 1), (1, — 1), (3, 1) 17. (6, 4) 
19. (—5,2) 21. (5,3) 23. (1,1) 25. (2, 2.5) 
27. (2,2) — 29. Nosolution 31. (2, 2) 
33. $5500 at 296; $6500 at 696 
35. $6000 at 2.896; $6000 at 3.8% 
37. (—2, 4), (0, 0) 39. No solution 41. (6,2) 
43. (-3,5) _ 45. (2,2), (4,0) 47. No solution 
49. (4, 3), (—4, 3) 51. (0, 1) 53. (5.31, — 0.54) 
55. (1, 2) 57. No solution 59. (0.287, 1.751) 


61. 
65. 
67. 


69. 
71. 


73. 


75. 


(5,2), (74. -4) 
(a) 344 units 
(a) Biofuels: 
C, = —3.250P + 141.962 — 1978.3t + 10,874 
Wind energy: C, = 11.202 — 162.5t + 1797 
(b) 2800 


| Biofuels ; A. 
per M 


1400 
(c) (17.16, 2306.34); The average rate of consumption of 


biofuels and wind energy were approximately equal 
around 2017. 
(d) Answers will vary. 
12m x 16m 
False. You can solve for either variable in either equation and 
then back-substitute. 
Sample answer: After substituting, the resulting equation may 
be a contradiction or have imaginary solutions. 


63. 293 units 
(b) 2495 units 


Answers will vary. Sample answer: 
(@a)y=x+1 

(D у=2х—1 

(сє) y=x-1 


77. 
81. 
87. 
93. 


A139 


(a)-(b) Answers will vary. 79. 20x + 4y = —4 
6x — 12y = 42 83. 2x — 5y = —38 85. 2 
-j 89.3 91.—1 
1 95. i 
3 44- 


Section 7.2 (page 486) 


1. 
7. 


15. 
23. 
29. 
31. 
35. 
39. 
45. 
47. 
51. 
53. 
55. 
57. 


59. 
63. 


65. 


67. 
73. 


elimination 5. Inconsistent 


(1, 5) 


3. equilibrium point 
9. (1, — 1) 


y y 


T|3x*2yz1 


19.(-3,3 21. (4-1) 


17. (3, -3) 

25. (101, 96) 
Infinitely many solutions: (a, — + za) 
(5, —2) 
d; no solutions; inconsistent 


(4, 1) 
(-& &) 27. No solution 

33. a; infinitely many solutions; consistent 
37. (4, 1) 

(10, 5) 41. (19, —55) 43. 550 mi/h; 50 mi/h 
Cheeseburger: 570 calories; fries: 320 calories 

(240, 404) 49. $18,000 
(a) y = —44.21x + 89.53 
y = 097x + 2.1 

(a) y = 14х + 19 (b) 41.4 bushels/acre 

False. Two lines that coincide have infinitely many points of 
intersection. 
k=-4 
(39,600, 398). It is necessary to change the scale on the axes 
to see the point of intersection. 


(b) 12 units 


61. Answers will vary. 


No. Two lines will intersect only once or will coincide, and if 
they coincide the system will have infinitely many solutions. 
69. -1 71. -1,3 


75. у= lx - 10 77. у= x45 


и = 1, у= —tanx 


1.63 
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79. 


6 = 2/3 


81. +1, 


Section 7.3 (page 498) 


1. 


row-echelon 3. Gaussian 


5. Interchange two equations; multiply one of the equations by 


a nonzero constant, add a multiple of one equation to another 
equation to replace the latter equation. 


7. (а) Мо (b No (c)No (d) Yes 
9. (а) Мо (b No (с) Yes (d) No 
11. (C13, 10,8) 13. (3, 10,2) 15. (4,7, 11) 
17. ( x -2y + 3-55 
y-2z2-9 
2x —3z=0 


. (—2, 2) 

. No solution 
. No solution 
. (73a + 10, 5a — 7, a) 
. Qa, 21a — 1, 8a) 
. s = —167 + 144 


у= 22 — 2x 


First step in putting the system in row-echelon form. 
21. (4,3) 23. (4,1,2) 25. (1,4, —3) 
29. ($, —3,—:) 31. (0,0,0) 
35. (-a + 3,a + 1,a) 
39. (1,1, 1, 1) 
43. (За + 5, – 3а + 1,а) 
47. s = — 16? — 321 + 400 
51. у= 02 – 6х +8 


53. y = 40 – 2x +1 55. 32 + у? — 10x = 0 
57. х2 + y? + бх — 8у = 0 
59. Brand X = 416 
Brand Y = 9 lb 
Brand Z = 916 
61. x = 60°, y = 67°, z = 53° 63. 1, = 1,1 = 2,1 = 1 
65. у= 02 – х 
67. (a) у = 0.051422 + 0.8771x + 1.8857 
(b) se 
06 80 
The model fits the data well. 
(c) About 356 ft 
69. x ыз Li lorx=0,y=0,A = 0 
2 2 
71. False. See Example 6 on page 495. 


73. 
79. 


83. 
87. 


Answers will vary. 75-77. Answers will vary. 
x2 3(x + D(x + 2) 
= ‚х= —4 8L —— ——— — 
5 = E 
—3х + 1,5% 6 85. 2 +х+2 + 


x—3 


1 
1 
1 
1 
1 
І 
1 
1 
+ >x 
1 
1 
1 
[ 
1 
1 
1 
1 


РРР ИРЕ pez 


Answers їо Odd-Numbered Exercises and Tests 


Section 7.4 (page 508) 


1. improper 3. Two 
QA, B A B | C р 
“x x-2 "x62 (x20 "(х + 2)3 "(х + 2) 
phx Raed, BAP 4 1 1 
"x 2 2-43 (2-3 “x x41 
1 1 1 1 1 
I c x+2 1s, —— -u) 
3 1 5 3 9 
17. | 19. 
X x*2 x-2 х-3 (x—3y 
3 1 1 2 1 x= 1 
п. x xl з. 417 sv 
1 x 2 1 1 1 4х 
25. — 27. | 
x-1 2-2 du 2x — 1 wo) 
1 2 2 x 
29. ! 1. ! 
xtl x-2x-43 : “+4 (2 + 4) 
2 3 2x —3 4x — 6 2x +1 
33. x x 2-2 (2 +2) е! 1 +х+1 
17 1 
37. 2x — 1. 4 E aaa 
6 4 , 1 
ae ee x-1 (x-1? (к= D3 
1 3 3 2 
Thot y+ G+ CI 23 
2 4 3 1 x 
i — P — 
"m x x+1 x-1 ш 2+2 б?+2)? 
lí 3 1 60 60 
49. ax 434 =) Sb R^ 104p 
53. True. The expression is an improper rational expression. 


57. 


63. 


. The expression is improper, so first divide the denominator 


Хх +1 
х= 


into the numerator to obtain 1 + 


Answers will vary. Sample answer: You can substitute any 
convenient values of x that will help determine the constants. 
You can also find the basic equation, expand it, then equate 
coefficients of like terms. 


› ea. 3 
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67. у 21. в 23. 5 
34 
=2 8 
-6 6 
m -5 
А be х 25. 6 
3 
=34 
69. (a) Үз (b) Yes 71. (a) Yes (Ы) No 7 i 
» -2 
Section 7.5 (раде 517) 27.у<5х+5_ 29.,у> 2—4 
1. graph 31. H 33. i 


3. The graph of an inequality with a < sign does not include the 
points on the graph of the corresponding equation, and the 
graph of an inequality with a < sign does include the points 
on the graph of the corresponding equation. 


y y 
5. М 7. A 
6+ 6+ 
y 4+ 
4% 
A ` a4 
Eu Ч 
p oo y А —4 ES. x 35. 
rs | -2 2 4 8 10 
E or -2+ 
oe ae 
-4 -3 4 21 | ONE -4+ 
П = 1 
y 
9. > 11. 
A АШИ! 
ad oT 
* 
st SOT 
-G cd =й Жой G `N 
-2+ 2% 
* 
-4+ ip ON 
b. 39. 
— 1—1 «s 
= il NES : : 
m * 
bh. 
=2 == * 
-104- 2 А 
y У 
13. 1 15. n 
4+ TE 
6+ 
«^7 
E uo Ww 
П 3 
UNES 
‘ ' 43. 
21 v 
=a 
T —— H— I ————- x 
-24 -4 -3 -2 -1 1234 
Pad 
17. | 19. 6 
5+ 
44 
34 
gal 
-5 5 
it 
= ——— Ó x 
-5-4-3 “Qo 77" 3 4 5 -2 47. 
M 
=34 
-4+ 
-5L 
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51. (x 20 53. x= 0 69. (a) x2 50 4 
у®0 у> 0 y2 40 
у<6—х xb +у < 64 55х + 70у < 7500 
55. (х>4 57. [y 2 0 
х < 9 у = 5х 
у 2 3 у= -х+6 
у 59 
a x 
59. (a) " |mCons Surplus (b) Consumer surplus: $1600 | rs dor Ua 
И A. || Producer, suns. Producer surplus: $400 (b) Answers will vary. 
›250—05х 71. True. The figure is a rectangle with a length of 9 units апда 
403 = width of 11 units. 
304 p=0.125x 73. False. The solution region lies between the parallel lines 
jos y = x/3 — 8/3 and y = x/3 + 5/3. 
о o, 75. Test a point on each side of the line. 
(80,10) — 77. Slope: —3 79. Slope: —4 
10 20 30 40 50 60 70 80 y-intercept: (0, 6) y-intercept: (0, -i) 
61. (a) i Œ Consumer Surplus (b) Consumer surplus: A N 
Л. © Producer Surplus $40,000,000 u T 
a p = 140 — 0.00002x Producer surplus: 
$20,000,000 
1204 (2,000,000, 100) = — 
NUES -4 =3 =2 =1 234 — 
80 
p = 80 + 0.00001х 
1 "000,000 2,000,000 И 
63. (х + y = 20,000 7 81. Relative minimum: (— 1.25, —3.13) 
2x 83. Relative minimum: (—0.67, —0.38) 
у= 15,000 4- 
x2 5,000 = 
, 2553/8 5n J2 + /6 
z 0 4 . Si = + . Si 
y 5,000 10,000 85. sin 15 2 87 | x) 1 
cos 15° = N2 t V3 cos ( 5") A 
2 12 4 
н m: _ si _ 
10,000 15,000 tan 15° =2— ‚/3 {ай (-%) = J8 
65. | х+зу< 12 y _ 
27 89. sin (—22° 30’) = _2= 42 
3x + 5у S 15 2 
2+ /2 
am cos (—22? 30") = i E [v2 
> 
4 tan (—22° 30) = - (4/2 - 1) 
Section 7.6 (page 526) 
1. objective 
67 " 3. Find the points of intersection of the graphs of the equations 
(а) | 180х + 100у > 1000 corresponding to adjacent constraints. 
бх+ y= 18 5. Minimum at (0, 0): 0 7. Minimum at (1, 0): 2 
220x + 40y = 400 Maximum at (5, 0): 20 Maximum at (3, 4): 26 
xz 0 9. Minimum at (0, 20): 140 
у= 0 Maximum at (60, 20): 740 


(b) Answers will vary. 
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15. 


19. 


23. 


2\4 6 8NIO 12 14 


Minimum at (3, 0): 9 
Maximum at any point on 


the line segment connecting 
(0, 12) and (8, 0): 24 


18 17. 


-3 


Minimum at (7.2, 13.2): 34.8 
Maximum at (60, 0): 180 

Minimum at (0, 0): 0 21. 
Maximum at (0, 5): 25 
Minimum at (4, 3): 10 25. 
No maximum 


31. 


Answers to Odd-Numbered Exercises and Tests 


Minimum at (5, 3): 35 
No maximum 


-3 
Minimum at (7.2, 13.2): 7.2 
Maximum at (60, 0): 60 
Minimum at (0, 0): 0 
Maximum at (à 2): va 
No minimum 
Maximum at (12, 5): 7 


The maximum, 5, occurs at any point on the line segment 
connecting (2, 0) and (20, 1). Minimum at (0, 0): 0 


The constraint x € 10 is extraneous. Minimum at (7, 0): —7; 


maximum at (0, 7): 14 


y 


The feasible set is empty. 


33. 


35. 


39. 


41. 


43. 


45. 
49. 


A143 


5/10 15 20 25 30 35 40 45 
(9, 0) 


The solution region is unbounded. 
Minimum at (9, 0): 9 

No maximum 

13 audits 

0 tax returns 

Optimal revenue: $20,800 
400 units of model X 
1200 units of model Y 
Optimal profit: $570,000 
True. The objective function has a maximum value at any 
point on the line segment connecting the two vertices. 


37. 2 bottles of brand X 
5 bottles of brand Y 


The solution region is unbounded and there is no maximum 
value. 

-$ 47. (-7, -6, -4) 

(Ь—) 51 (1,1,1,1) 


Review Exercises (page 531) 


1. (1,1) 3. (3,5) 5. (0.25, 0.625) 7. (5,4) 
9. (0, 0), (2, 8), (72,8) 11. (4, —2) 

13. (1.41, 0.66), (— 1.41, 10.66) 15. (0, —2) 

17. No solution 

19. з 


21. 


27. 
31. 
33. 
37. 
43. 
47. 
49. 


0 26 


8 


The ВМІ for males exceeds ће ВМІ for females after age 18. 
16ftx 18ft 23. (3,3) — 25. (0,0) 

(8а F а а) 29. d, one solution, consistent 

b, no solution, inconsistent 
(100,000, 23) 35. (2, -4, —5) 
(-6,7,10) 39. (4,2, -§) 

(a — 4,a — 3,a) 

H y? — 4x + 4y 


41. (4.0, -3) 
45. y = 272 t x— 5 
1-0 

51. $16,000 at 7% 
$13,000 at 9% 


10 gal of spray X 
5 gal of spray Y 


12 gal of spray Z $11,000 at 1196 
53, з = —1624150 55. 4+ P 
x x+ 20 
A B C 3 4 
‚+ +—=— А - 
un X2 x-5 S ER х +4 
205 | 9 (3 x-3 
ah 8(х+5) 8(x — 3) 63. (3 23. 
3 4x — 3 
i 2+1 (41)? 
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67. | 69. 87. >? 
84 
e 
44 
al 
wd c 
E i 3 6 9 12 15 18 21 24 27 
71. A Minimum at (0, 0): 0 Minimum at (15, 0): 26.25 
84 Махїтит аї (5, 8): 47 No maximum 
P. N 91. 72 haircuts 
d Pall ` О permanents 
1 4 Optimal revenue: $1800 
uw 7 x 93. True. The nonparallel sides of the trapezoid are equal in length. 
— Stes 
-4 -2 И 95. [4x + y = –22 97. 3x + y= 
-T -31 х+у= 6 —6х + Зу = 1 
75, › 77. E 99. (x - y -z-6 101. ( 2х + 2у – 3: = 7 
zh ^ ` Ei M xty-z-0 x—-2yt z= 4 
e — = = E 
Hi “О, 5) P al © х=у=а=? х +4у— z 1 
jl 4 4,103, E + 103. An inconsistent system of linear equations has no solution. 
Р, \ | te 
d 24+ 
C49 4 А "i Chapter Test (page 535) 
»9 7, QUO — 
EE КА аата E zias 4 RI qx 1. (4, —5) 2. (0, — 1), (1,0), (2, 1) 3. (8, 4), (2, —2) 
Faal Sod 4. (4,2)  5.(-3,0,(2,5) 6. (1, 4), (0.034, 0.619) 
di: 7.(-2,-5 8. (10,-3) 9 (0,—3,1) 
79. A 81. (x = 3 1 3 2 3 
A : _ 03 2 
ad x< 7 10. No solution 11. ardent F 5 12. E F 1-x 
у> 1 
=й 


83. (а) p | Œ Consumer Surplus (b) Consumer surplus: 
А | Producer Surplus $4,500,000 
175 
p = 160 — 0.0001x Producer surplus: 
S x $9,000,000 


(300,000, 130) 


p=70 + 0.0002x 


+ + + mx 
100,000 200,000 300,000 


85. [20x + 30у < 24,000 
12x + 8y < 12,400 

xm 0 

у= 0 


18. Minimum at (0, 0): 0 
Maximum at (12, 0): 240 
20. y= -iP «x46 


19. $24,000 in 4% fund 
$26,000 in 5.596 fund 

21. 900 units of model I 
4400 units of model II 
Optimal profit: $203,000 
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Problem Solving (page 537) 


a = 8/5,b = 44/5, с = 20 
(8./5)> + (a /5P = 20? 


So, the triangle is a right triangle. 


ЖЕГЕ" 
-24 
34 
-44 
(5, 2) 
Answers will vary. 
6) > 
at 


(a + >а) 
Answers will vary. 
7. 10.1 ft; About 252.7 ft 


11. (a) (3,=4) (b) | 


9. $12.00 


2 1 5 
-а + 5 4а – Га 
—5а + 16 5a — 16 
13. (а) | 6 А 6 а) 
— Па + 36 13a — 40 
(b) | 14 : 14 ^" | 
(с) (Ca + 3,а = 3,a) (d) Infinitely many 
15. a+ tsz 32 А 
0.15а z 1.9 ү 
193a + 7721 2 11,000 


а 


5 5 10915 20 25 30 


Answers to Odd-Numbered Exercises a 
17. (a) (0 « y « 130 (b) H 
x > 60 
x+y < 200 


HDL: 65 mg/dL 
165 


Chapter 8 
Section 8.1 (page 549) 


1. row-equivalent 
3. Sample answer: 2 x 2 square matrix 


"E 


nd Tests 


100 150 


(e) Sample answer: (75, 90); 7? = 2.2 < 4 


A145 


200 


(c) No. The point (90, 120) is not in the solution region. 
(d) Sample answer: LDL/VLDL: 135 mg/dL; 


5. 1x2 7. 3x1 9.2x2 11. 3x3 
А ] -1 2 2 
13. E E, | 15.|4 -3 1 -1 
i 2 1 0 0 
3 =5 2 : 12 
I b 0 —-7 ul 
xe y= 3 21. (2x + 5z= -12 
5х —3y = —1 y-2z- 7 
6x + Зу = 2 
23. 9х + 12у + 3z = 0 
2х + 18у + 55 + 20 = 10 
х + Ty — 82 —4 
3x +2 = —10 
25. Add 5 times Row 2 to Row 1. 
27. Interchange Row 1 and Row 2. 
Add 4 times new Row 1 to Row 3. 
E NE 1 1 1| 
»| ? 1 eo 
1 0 14 —11 
33.10 1] -2 2 
0 0 1 =7 
1 1 4 —1||1 1 4 =] 
35.10 5 2 6[|0 1-$i $ 
0 3 20 4| |0 3 20 4 
37. (а) (i) f B. Б | (b) gs +4у= 22 
3 0 6 6x — 4y = —28 
(ii) lo 4 Е Solution: (—2, 4) 
3 0 —6 . | 
(ш) | 0 1 Й (c) Answers will vary. 
; 1 0 =2 
b а 1 | 
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39. Reduced row-echelon form 


41. Not in row-echelon form 


43-47. Sample answers: 


43. 


47. 


51. 
53. 


57. 
63. 
69. 
75. 
81. 
85. 
87. 


89. 


91. 
93. 
95. 
101. 
105. 


1 1 0 5 1 —-1 -1 1 
0 1 2 j 45. |0 1 6 3 
0 0 ] =1 0 0 0 0 
02 d 
0 11-8 A NE. 
49. |0 1 0 
0 0 0 1 0 0 1 
0 0 0 0 
1 0 3 16 
p 1 2 | 
p 4 55. (х-у+22= 4 
y-7-1 | у= z= 2 
(2, —1) т=—2 
(8,0, —2) 
(—3, 5) 59. (—5,6) 61. (—4, —3,6) 
No solution 65. (3, —2, 5,0) 67. (3, — 4) 
(-1,-4) 71. (4,-3,2) 73. (5a + 4, —3a + 2,a) 
(7,—3,4) 77. (0,2—4a,a) 79. (1,0,4, —2) 
(—2a, a, a, 0) 83. f(x) = = +х +1 


f(x) = -9x2 — 5x + 11 

$1,200,000 at 8% 

$200,000 at 9% 

$600,000 at 12% 

у = 7.51 + 28; About 141 cases; Yes, because the data 
values increase in a linear pattern. 

False. It is a 2 x 4 matrix. 

The matrix is in row-echelon form, not reduced row-echelon 
form. 


—5 97. a= —3,b = 8 99. а —8,b —4 
b zm 

x- m 103. x = 6b — a 

u = (8,6) 107. u = (—10, 0) 

А N 

84 PU 
MI (8.6) al „®® 
6+ 
M (-10,0) ~2% | А 
44 — ——————LÉ ә x 
m -10 -8 -6/-4 -2 2.4 
> v-2w -2+ 

14+ ^T 

X -6+ 


Section 8.2 (page 564) 


1. 
5. 


9. 


11. 


scalars 3. BA 
х= —4,y = 23 7. х= -1,у= 3 


3 =2 -1 0 3 —3 
oli ‘| о | . Е | (© | 3l 
=i =! 
«| 8 al 


(a), (b), and (d) Not possible (с) e 0 ‘| 


3.712 0 


Answers to Odd-Numbered Exercises and Tests 


13. 


15. 


17. 


21. 


25. 


29. 


35. 


37. 


39. 


41. 


43. 


45. 


51. 
53. 
55. 
57. 
59. 


61. 


63. 


3 6 -6 -3 0 
0 15 =i 7 al 
5 -10 -10 3 14 


-8 -7 -24 -4 12 
Е | к e: 32 dl 


—2 51 
К E: Bl 31. |-8 33] 33. Not possible 
0 27 
3x2 
100 
0 1 0 
00 4 
3x3 
О 15 =2 2 9 6 
(а) E 5l (b) | 31 2d (e Ё E 
2, =2 
(a) | -3 0 (b) and (c) Not possible 
7 6 
19 . 14 -8 
(a) К (b) Not possible (с) ls 1 
7 7 14 
(а) 8 8 16 (b) [13] (c) Not possible 
= -1 -2 
70 —17 73 
322 и 6| 47. li Ж. 49. ie A 
16 —38 70 
(a) (4,7) (b) (-2,3 (с) (8,1) 
(а) (3,6 (5 (-7,—2) (с) (17,10) 
(4, —2); Reflection in the x-axis 


(2, 4); Reflection in the line y = x 


(8, 2); Horizontal stretch 
2 3I] [5 -2 
ш |. AM » [io] e | 1 
1 -2 зү 9 1 
@l-1 3 -1|х,|=|—6| (»|-1 
2 -5 5|х, 17 2 
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65. 


67. 


69. 


71. 


73. 


75. 
77. 


81. 
83. 


85. 
87. 


Answers to Odd-Numbered Exercises and Tests 


1 -5 21, -20 -1 
(a)}-3 1 -1|х|=| 8| (| 3 
0 -2 S]x —16 -2 


110 99 77 33 
| 44 22 6 ed 
[$1037.50 $1400 $1012.50] 
The entries represent the profits from both crops at each of the 
three outlets. 
$23.20 $20.50 
$38.20 $33.80 
$76.90 $68.50 
The entries represent the labor costs at each factory for each 
size of boat. 
(а) В = [2 0.25 0.5] 
(Б) ВА = [1180 1407.5] 
ВА represents the total calories burned by each person. 
(c) 130-Ib person: 398.25 calories 
155-Ib person: 475.05 calories 
False. For most matrices, AB = BA. 


1 0 0 0 3. =2 2. =2 
„у mie ils 4 
2 3 
AC =ВС = 
c-s»c-|? i| 
AB is a diagonal matrix whose entries are the products of the 


corresponding entries of A and B. 
Answers will vary. 


(a) e-[1 | and i? = —1 


—1 
АЗ = Е E and i? = —i 


a - | p and i* = 


(b B? = E || = I, the identity matrix 
89. 1 + log, 5 + log, x 91. Ina — 3 2 
93. (1) 95. (—2, 3, 0) 
Section 8.3 (page 574) 
1. inverse 
3. A square matrix that is singular does not have an inverse. 


5-11. АВ = Гапа BA = I 


13. 


19. 


21. 


25. 


1 1 -1 
2 _1 
E | 15.| 1 2] m|-3 2 -1 
-2 è 3 -3 2 
Not possible 
-} 0 о о 
б X 0 d -175 37 -13 
| 23.| 95 -20 7 
0 0 4 0 14 -3 1 
о о 0 —1 
-12 -5 -9 0 -181 0.90 
-4 -2 <4 27. | -10 5 5 
-8 -4 -6 10 -272 -3.63 


29. 


33. 


39. 
45. 
51. 
55. 


59. 


61. 


63. 


А147 


1 0 1 0 
0 1 0 1 l E 
31. |; 2 
2 0 1 0 a n 
0 1 0 2 
—4 2 
Not possible 35. 10 37. (5,0) 
10 =з 
(—8, – 6) 41. (3,8, — 11) 43. (2, 1, 0, 0) 
(—1, 1) 47. No solution 49. (—4, —8) 
(-1,3,2) 53. (2,40) 
I, = 0.5 amp 57. 1, = 4 amps 
I, = 3 amps I, = 1 amp 
1, = 3.5 amps 1, = 5 amps 
100 bags of potting soil for seedlings 


100 bags of potting soil for general potting 
100 bags of potting soil for hardwood plants 
256a + 16b + c = 82,700 
(a) 1 289a + 17b + c = 86,918 
324a + 18b + c = 89,400 


05 -1 0.5 
(b) | -17.5 34 —16.5 
153 —288 136 
8687 + 32,8621 


(с) у= 220,884 


(d) 95,000 


True. If B is the inverse of A, then AB = I — BA. 


65-67. Answers will vary. 


69. 


77. 


k=-} 71.23 


_1 
Е (| » | : | 
10 —9 -- 


73. —152 75. 8 


Section 8.4 (page 582) 


1. 
11. 
21. 
23. 


25. 


27. 


29. 
33. 
37. 
45. 


55. 


determinant 3. —5 5.4 7. 16 9. —3 
0 1311 150 174% 19. –1924 
0.08 
(a) M, = —6, M = 3, My, = 5,M,, = 4 
(D Cy, = —6, С, = -3, С, = —5, С, = 4 
(a) M,, =3,M,, = —4, М, = 1,М, = 2, M, = 2, 
M» = —4, Mz, = —4, Му = 10, М = 8 
(D Cy, = 3, С = 4, Сз = 1,C,, 2, С» = 2, 
Ci, = 4, Cy, = —4, Cy, = — 10, Cy, = 8 
(а) M,, = 10, M, = —43, M,, = 2, Mj, = —30,M,, = 17, 
M, = —6, M3, = 54, M4, = —53, M,, = —34 
(b) Cy, = 10, C = 43, Cy, = 2, C = 30, С,, = 17, 
C4, = 6, Cy, = 54, 4, = 53, C4, = —34 
(a) and (b) —36 31. (a) and (b) 96 
(a) and (b) —75 35. (a) and (b) 0 
(а) and(b) 225 39. -9 41.0 43.0 
—58 47. 72 49. 0 51. 412 53. —126 
—336 57. (а) -3 (b)-2 (с) Е =| (d) 6 
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59. (a) -8 0 (с) i: i] (d) 0 


1—1 
1 4 3 
61. (22 (b -6 (0 | –1 0 3 (d) —12 
0 2 0 
4 2 —1 
63. A — b | 65. А=|2 1 0 
1 1 3 
2 3 
gafi 3] 


69-73. Answers will vary. 75. +2 77. —2,1 

79. —1,—4 81. 8uv — 1 83. e* 85. 1 — Inx 

87. True. If an entire row is zero, then each cofactor in the 
expansion is multiplied by zero. 

89. Answers will vary. 

91. (a) Columns 2 and 3 of A were interchanged. 


|A| = - 115 = -|B| 
(b) Add —5 times Row 1 to Row 2. 
|A| = 17 = |b| 


(c) Multiply Row 1 by 5. 

93. (a) 28 (b) —10 (œ -12 
The determinant of a diagonal matrix is the product of the 
entries on the main diagonal. 

95. 3 97. 29 99. 72 101. (2, — 1) 


103. (2, —3,1) 105. E 


Section 8.5 (page 595) 


1. Cramer's Rule 3. —5 5. (1, — 1) 

7. Not possible 9. (—1,3, 2) 11. (C2, 1, — 1) 
13.7 15.14 17. у= ёоу= 0 19. 250 mi? 
21. СоШпеаг 23. Мо{ соШпеаг 25. СоШпеаг 
27. y= —3 29. Зх —5y = 0 31. x + 3y - 5 = 0 
33. 2х + 3y - 8 = 0 
35. (0, 0), (0, 3), (6, 0), (6, 3) 


47 (3,3) (6, 3) 


2 
(0.0) 6%, 


її 23 4 5 6 7 8 


37. (—4, 3), (—5, 3), (—4, 4), (-5, 4) 
n 


(-5.4)(-4, 4)? T 


(4, 4) (5.4) 
o-o 


es Dea €63**6,» 


+ 
—-6-5-4-3-2.1..12 34 5 6 


39. 2 square units 41. 10 square units 


43. 


45. 


47. 


49. 


51. 
55. 
57. 


59. 
61. 
63. 


(a) Uncoded: [3 15], [13 5],[0 8],[15 13],[5 0], 
[19 15],[15 14] 
(b) Encoded: 44 81 28 51 24 40 54 95 5 
10 64 113 57 100 
(a) Uncoded: [20 5 24], [20 0 13],[5 0 20] 
[15 13 15],[18 18 15],[23 0 0] 
(b) Encoded: —119 28 67 —58 6 39 -115 
35 60 —62 15 32 —54 12 27 23 -23 0 
26 21 —18 35 52 31 13 30 38 79 173 206 
—] -35 —82 16 —4 —55 12 24 24 
—5 —41 —87 91 207 257 11 -5 —41 40 
80 84 76 177 227 
HAPPY NEW YEAR 53. CLASS IS CANCELED 
MEET ME TONIGHT RON 
1, = —0.5 amp 


JU 
Ш 


1 amp 
B 
True. The determinant is zero when the points are collinear. 


ll 


0.5 amp 


The system has either no solution or infinitely many solutions. 
12 65. 2,4,2,4 67. 2, — 5, 10, — 17 


Review Exercises (раде 600) 


1. 


11. 


15. 
21. 
27. 
33. 


35. 


37. 


39. 


45. 


1x2 3.2x5 


1 2 3 
0 1 1 
0 0 
pw 9 13. (x + 3y + 42 = 1 
y=-l у + 24 = 3 
z=4 
(6, — 1) (0, —5, 4) 
(10, —12) 17. Nosolution 19. (—2a + 3,2a + 1,a) 
(5,2,—6) _ 23. (1, —2,2,—4) 25. (1,2,2) 


(2, —3, 3) 29. (2,6, – 10, —3) 31. x = 12,y = 11 


1 8 5 —12 
(a) | 15 M ©) Е | 
8 -8 -2 16 
©) P 2 @) | 30 | 
5 7 5 1 
(а) |-3 14 (b) | -11 —10 
31 42 —9 —38 
20 16 10 14 
(0|-28 8 (d|-6 28 
44 8 62 84 
ed6 6 dd s 
б E 41.|-12 4 43 8 —13 
—14 -8 -18 -8 
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Answers to Odd-Numbered Exercises and Tests 


100 220 
49. | 12 -4[ 3x2 


sola i e|; 5$ e[5 S| 


14-22 22 —2 19 21 
53. |19 —41 80 55. = 1 3 
42 —66 66 


57. (2, —5); Reflection in the x-axis 
| А 76 114 133 
59. (1, 5); Horizontal shrink 61. be 95 | 


63-65. AB = I and BA = I 


4 —5 
| 
NT al _ 
2 2 13 6 4 
69. |5 -$ — | 71|-12 -5 3 
0 2 1 5 2 =] 
еч! 
73. [ 75. Not possible 71. (36,11) 
2 
79. (-6, — 1) 81. No solution 83. (—8, 18) 
85. (2, —1,—2) 87. (—65.8,33.6) 89.26 91. 116 
93. (a) M,, = 4,M,, = 7, M4, = —1,My, = 2 
(b) С = 4, С = —7,С„ = LC, =1 
95. (a) М, = 30,M,, = —12,M,, = —21,M,, = 20, 
M5, = 19, My; = 22, My, = 5, М = —2,М = 19 
(b С, 730,0, = 12, С, = -21, C,, = —20, 
C, = 19, Cy = —22, Cy, = 5, С = 2, Ca = 19 
97. —6 99. 15 101. 130 103. (4, 7) 
105. (—1, 4,5) 107. 16 109. Collinear 


11. x-2y+4=0 
115. 8 square units 


113. 2x + бу — 13 = 0 

117. SEE YOU FRIDAY 

119. False. The matrix must be square. 

121. If A is a square matrix, then the cofactor C;; of the entry a;; is 
(—1)'*/M,,, where M; is the determinant obtained by deleting 
the ith row and jth column of A. The determinant of A is the 
sum of the entries of any row or column of A multiplied by 
their respective cofactors. 


Chapter Test (page 604) 


ой М i o= 
Llo 1 of 2 
» dy 1 о 0 о о 
0 0 0 0 
4 3 -2 14 
3. -1-1 2 -5|. (1,3, -4) 
3 1 -4 8 


6 —3 12 
0 lo 18 E 


10 -5 20 
@ Ж 21 2] 


1 5 
4. (а) Е E 


8 15 
(с) Е Е | 


(e) Not possible 


A149 


5. (—3, —2); Reflection in the line y = —x 


2 8 =; 4 -3 
7 T 

6. | | 7.| 5 -7 6! 8. (12,18) 
7 7 4 —6 5 

9. —112 10. 0 11. 43 12. (—3, 5) 


13. (—2, 4, 6) 14. 7 
15. Uncoded: [11 14 15], [3 11 0],[15 14 0], [23 15 15], 
[4 0 0] 
Encoded: 115 —41 —59 14 —3 —11 29 —15 
14 128 —53 —604 —40 
16. 75 L of 60% solution, 25 L of 20% solution 


Problem Solving (page 607) 


1. (a) ат |7; = 2 те |1 К 3l 


1 2 3 1 -4 -2 
y 
A 
at 
AT 3+ T 
<A} 
it 
—1——+ +—_+—_+—+- > х 
-4 -3 -2 -1 Mh 1 2 3 4 
ар, 
ДАТ ES 
-44 


A represents a counterclockwise rotation. 
(b) AAT is rotated clockwise 90° to obtain AT. AT is then 
rotated clockwise 90° to obtain Т. 


3. (a) Yes (b) No (c) No (d) No (e) No (f) No 
1 2р 1 2 1 0 
5. (a) в -за+5= | | -2 j | + 5], | 
= J-l HEJ | 
1-4 -3 -4 2 0 5 
_ P А 
10 0 
(b) A!l = 201 — A) 


Н 
2 1|5\|0 2 -2 1 
5 5 
- -i EL 
2 1| 5{2 1 
5 3 
d. 22 E _@ 
5 s| _ |5 5 
2 1| |2 1 
5 5 5 5 
(c) Answers will vary. 
-1 2 
TAT=| 1 Of, вт=| 7% : E 
-2 1 
2 —5 
T — RTAT 
(AB) |: =| BTA 


11. Answers will vary. 
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x 0 0 d 

—1 x 0 с 

B 0 —1 x b 
0 0 —1 a 


15. Sulfur: 32 atomic mass units 
Nitrogen: 14 atomic mass units 
Fluorine: 19 atomic mass units 
17. REMEMBER SEPTEMBER THE ELEVENTH 


0.0625 | —0.4375 0.625 
19. A^! = | 0.1875 0.6875 — 1.125 
— 0.125 — 0.125 0.75 
1 
aped. " 
[А7 [| 16 A| = 16 
1 
АЦ = — 
Chapter 9 
Section 9.1 (page 617) 
1. recursively 3. series 5. 6! 7. —3, 1, 5, 9, 13 


. 3.5.3.33 13. —2,4, — 8, 16, — 32 


11325 


15. 5 3 © 3,25 5,37 19. 0, 0, 6, 24, 60 
21. 23. -73 25.5 
27. 29. 18 

0 10 


31. 


33. а, = Ап – 1 35. а, = п +2 37. а, = (–1)"*! 
_ (0% + 1) | ntl 1 
39. а, = HES 41. a, = 3 — 1 43. a, — zi 
3n-1 
45. a, = ,—— — 
"n (п — I)! 


47. 28, 24, 20, 16, 12 49. 81,27,9,3,1 51. 1,2,2, 3,7 


53. 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144 


55. 5,5, 2. 2 3; 57, 6, —24, 60, — 120, 210 
59. М 61. n-- 1 63.25 65. 22 67. 88 
13 3 2 1 
69. 7 7.; 73.133 75. > ES 
8 i 6 T 7. i? 
77. 2 E 3 + J 79. py (—1i*!3 81. p G+)! 
5 2—1 7 15 31 
83. У ът 85. (а) = (Ы) т ©з» 
87. (а) -3 (6) –2 (Q-À 89.2 91.2 


Answers їо Odd-Numbered Exercises and Tests 


93. 


95. 
97. 


101. 


103. 
105. 


109. 


113. 


(a) A, = $10,087.50, A, ~ $10,175.77, A, ~ $10,264.80, 
A, = $10,354.62, А; = $10,445.22, А, = $10,536.62, 
A, ~ $10,628.81, Ag = $10,721.82 

(b) $14,169.09 

(с) No. Ago = $20,076.31 + 2А, = $28,338.18 


True by the Properties of Sums. 
$500.95 99. Proof 
4 
X3 = 3(4) = 12 
1 
b, 2 b; 5i b, T b, 5 b, а, 
у= 1х +3 107. у = 5x — 4 
8 


21-4) 115. —9i + 5j 


Section 9.2 (page 626) 


1. 


a, + (n = 1)d 


3. A sequence is arithmetic when the differences between 


. Not arithmetic 
. Arithmetic, d — г 
. 8, 11, 14, 17, 20 


consecutive terms are the same. 
7. Arithmetic, d — —2 
11. Not arithmetic 

15. 7,3, -1, -5, -9 


Arithmetic, d — 3 Arithmetic, d — —4 


17. —1,1,—1,1,—1 19. 2, 8, 24, 64, 160 
Not arithmetic Not arithmetic 
21. a, = Зп - 2 23. a, — —8n + 108 
25. a, —3n + B 27. a, = D, F 5 
29. а, = Зп + 85 31. 5, 11, 17, 23, 29 
33. 2, —4, — 10, – 16, – 22 35. — 2, 2, 6, 10, 14 
37. 15, 19, 23, 27, 31 39. 15, 13, 11, 9, 7 
41. —49 43. i 45. 110 47. —25 49. 10,000 
5]. 15,100 53. —7020 55. 1275 57. 129,250 
59. —28,300 61. b 62. d 63. c 64. a 
65. " 
0 10 
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69. 
73. 


75. 
77. 
79. 


81. 
83. 
85. 


93. 


Answers to Odd-Numbered Exercises and Tests 


(a) $40,000 (b) $217,500 71. 2430 seats 
(a) » 
А 
4504 
„ 400 
Е 350 
Z 300 
S 250 
5 2001 
Е 1504 
Z 1004 
50+ 
T T T T > X 
Sse Ky 
Year 
(b) a, = 533.33 — 106.33n 


4 
(d) У (533.33 — 106.33n); About 1070 stores 
n=1 


784 ft 
True. Given a, and a,, d = a, — a, anda, = a, + (n — 1)d. 


(a) % 0) | 


4 а xx 


8 9 1011 +1234567 891011 


(c) The graph of y = 3x + 2 contains all points on the line. 
The graph of a, = 2 + 3n contains only points at the 
positive integers. 

(d) The slope of the line and the common difference of the 
arithmetic sequence are equal. 


x, Зх, 5x, 7x, 9x, 11x, 13x, 15x, 17x, 19x 
When n = 50, a, = 2(50) — 1 = 99. 
— 0.205 87. 1.292 89. 25 91. 9.322 
4 3 1 
14х + ‚хХ=#=1 95. | 
х +1 A(x +2) 4(х—2) 


Section 9.3 (page 635) 


eon m 


13. 
17. 
21. 


25. 


29. 


33. 


39. 
46. 


. ratio 3. Multiply the nth term by the common ratio. 
. Geometric, r — 2 7. Geometric, r — 3 
. Not geometric 11. Geometric, r = — /7 


1111 


4, 12, 36, 108, 324 15. 1,1,1, 1, 5 


19. 3,3. /5, 15, 154/5, 75 
2, 6x, 18x2, 54x3, 16254 23. а, = 4(1)" ү 


а = of ys 2 
ut 3 * 59,049 


1, e, е2, е?, её 


27. а, = 100е*"—1); 100e8* 


a, = (/2)""';32,/2 31. a, = 64(3)" 

a, = 9(2)"-1 35. а, = 6(—2)' ^ 37. 13,122 
ж 4.9 43. -2 45.a 

c ать 48d 


49. 


53. 
61. 


69. 


79. 
81. 


83. 
89. 


A151 


300 5]. 10 


0 10 


-4 

5461 
7 

L6 63. У 10(3)""! 


n-l n-i 


55. —14,706 57. 29,921.311 59. 1360.383 


6 
65. У 0.Y(4y ^! 67. 2 


° 71.5 73. 32. 75. Undefined — 77. 4 
X 
22 
20 
-4 10 
-15 


Horizontal asymptote: y = 12 

Corresponds to the sum of the series 

$29,412.25 87. 273$ in? 
False. A sequence is geometric when the ratios of consecutive 
terms are the same. 


85. Answers will vary. 


93. 
95. 
97. 


As x00, y ^ cC. 
'The common ratio is 2. 


Prime; 97 has only two positive factors, itself and 1. 
Prime; 65,537 has only two positive factors, itself and 1. 


99-101. Answers will vary. 
Section 9.4 (page 646) 


1. 
3. 


5. 


9—25. Proofs 27. S 


mathematical induction 
To find the first differences of a sequence, subtract consecutive 
terms. 

5 
— TEET, 7. (k + 1)?(k + 4) 
(к + D(k + 2) ( Д ) 


= n(2n — 1); Proof 


n 
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n 
29. S, == An Y Proof 31. 120 33. 979 


35. 70 37. Linear; a, = 9n — 4 
39. Quadratic; a, = 2n? + 2 
41. 0, 3, 6, 9, 12, 15 
First differences: 3, 3, 3, 3, 3 
Second differences: 0, 0, 0, 0 
Linear 
43. 4, 10, 19, 31, 46, 64 
First differences: 6, 9, 12, 15, 18 
Second differences: 3, 3, 3, 3 
Quadratic 
45. а, = п? – п + 3 
47. 0, — 0.02, — 0.04, — 0.06, — 0.08; No; The first differences аге 
not equal. 
49. False. A sequence with n terms has n — 2 second differences. 
n(n + 1)(2п + 1) 


51. The formula should be used. 


6 
+ Е. 
So, 12 + 22 + 32 +... Epa vus D _ 285, 
53. At some point, the pattern may fail. 55. x? + 2xy + y? 


57. yt — 8 + 24y? — 32y + 16 59. x? + 12x* + 482 + 64 
61. 1 63. 120 65. 1 67. —4 


Section 9.5 (page 653) 


1. expanding 3. Binomial Theorem; Pascal's Triangle 
5. 10 7. 1 9. 210 11. 4950 13. 20 
15. 5 17. х° + 6x5 + 15x^ + 20 + 15x? + бх + 1 
19. уз — 9y? + 27y — 27 21. r° + 9r?s + 27rs? + 275° 
23. 243a° — 1620a^b + 4320a*b* — 5760a7b> 

+ 3840ab* — 10245 
25. a^ + 24d? + 216a? + 864a + 1296 
27. уб — бу? + 15y* — 20? + 15y? — бу + 1 
29. 81 — 216z + 2162 — 962 + 16z4 
31. х? + 10x*y + 40x3y? + 80x2y3 + 80ху* + 32 
33. x8 + 4х6у2 + Oxtyt + 4х2уё + y? 
1 5y 10? | 10y? | 5у* 
cx х ge ag 
37. 2x4 — 24x3 + 113x? — 246x + 207 
39. 120x7y3 41. 360x7y” 43. 1,259,712:2y? 
45. —4,330,260,000y?:? 47. 160 49. 720 
51. — 6,300,000 53. 210 
55. x32 + 15x + 75x? + 125 
57. х2 — 3330515 + 332/52/5 — у 
59. 812? + 1080/4 + 542/2 + 120/4 +t 
61. 332 + 3xh + I2, h #0 
63. 6:2 + 15x4h + 20х32 + 15x2h3? + 6xh* + h, h #0 


5 


35. 


65. 0 67. —4 69. 512i 


1 
„h 
Jxtht+ sx 
71. 1 73. 1.172 75. 510,568.785 
77. Fibonacci sequence 


79. 


81. 


83. 


85. 


87. 


89. 


The graph of g is shifted four units to the left of the graph of f. 
g(x) = xX + 12x? + 44x + 48 


-3 
The graph of g is shifted three units to the right of the graph of f. 
g(x) = —x* + 120° — 50x? + 84x — 46 


(a) g(t) = — 5.8932 + 67.78t + 141.1,0 1 € 7 
(b) 400 
8 
4 
0 9 
0 
(c) 2015 
True. The coefficients from the Binomial Theorem can be 


used to find the numbers in Pascal's Triangle. 
False. The coefficient of the x?-term is ,C,(4)" = — 589,824. 


The coefficient of the x-term is 9C,(4)* = 589,824. 


The first and last numbers in each row are 1’s. Also, each 
number between the l's is the sum of the two numbers 
immediately above the number. 


93. 
103. 


109. 


113. 


k, f; k(x) is the expansion of f(x). 


About 0.273 95—97. Proofs 99. 3 101. —9 
36 105.1 107. (n + 9)(n + 8) 
| „_— 1 зл\_ v2 
sin 330° = 2 111. sin( 4 | = 2 
RD | эл) 2002. 
соѕ 330° = 2 cos г КЕ 2 
dus | т) Е 
tan 330° = 3 tan ape 1 
all x3 
3 2 
I _ 1. 
соз 73 2 
liz 
tan — = — 3 
an 3 


Section 9.6 (page 663) 


1. 
3. 


distinguishable permutations 

A given set of n elements forms exactly one combination, 
whereas different arrangements of the elements may form 
numerous permutations. 
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5. 
15. 
21. 
25. 
33. 
39. 
43. 


45. 
53. 


55. 
59. 
67. 
73. 
77. 
79. 


Answers to Odd-Numbered Exercises and Tests 


6 7. 5 9. 3 11. 8 13. 30 

30 17. 64 19. 175,760,000 

(а) 648 (b) 180 (с) 600 23. (a) 40,320 (b) 384 
120 27. 20 29. 132 31. 2730 

5,527,200 35. 504 37. 1,816,214,400 

420 41. 2520 

ABCD, ABDC, ACBD, ACDB, ADBC, ADCB, BACD, 


BADC, CABD, CADB, DABC, DACB, BCAD, BDAC, 
CBAD, CDAB, DBAC, DCAB, BCDA, BDCA, CBDA, 
CDBA, DBCA, DCBA 

15 47. 1 49. 120 51. 38,760 

AB, AC, AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE, 
DF, EF 


5,586,853,480 57. (a) 7315 (b) 693 (c) 12,628 
(a) 3744 (b) 24 61. 292,600 63. 5 65. 20 
n-2 69. n= 3 71.n=Sorn=6 

п = 10 75. 36 

False. It is an example of a combination. 


ios > 19C&. Changing the order of any of the six elements 
selected results in a different permutation but the same 
combination. 


1 1 

81-83. Proofs 85. 87. I — 
Mm 74,613 3,338,335 

89. 7203? 91. 28,000,000x2y° 

93. —498,610,169,343335.— 95. y = — ix? + 5х 


Section 9.7 (page 674) 


1. 
5. 
9. 


11. 
13. 
15. ; 
27. 
35. 
37. 
41. 


45. 


49. 
51. 
59. 
61. 
63. 


65. 


67. 
69. 


71. 
73. 


experiment; outcomes 3. event 

n(E), n(S) 7. l 

{(H, 1), (Н, 2), (Н, 3), (Н, 4), (Н, 5), (Н, 6), 
(T, 1), (T, 2), (Т, 3), (T, 4), (T, 5), (T, 6)} 
{ABC, ACB, BAC, BCA, CAB, CBA} 

{AB, AC, AD, AE, BC, BD, BE, CD, CE, DE} 


э dno We Эһ. Rho 35 

B 29.4 321 33.2 

(a) 744,000 (буз © 55 (D sow 

(а) WO (Os 39. 19% 

Oi On Om 8B. am Wa 
@ з ®» ©F 4.05 OF OF 
241 (0i (0 85 (Da 

027 53.5 55.071 57.5 

(a) 0.9702 (b) 0.0002 (c) 0.9998 

(а) з (Di (s (Dua © gs 


True. Two events are independent when the occurrence of one 
has no effect on the occurrence of the other. 
The three numbers from 1 to 15 greater than 12 are 13, 14, and 
15. So, the probability that both numbers are greater than 12 
(34/3) _ 9 _ 1 
is (5)(5) = 225 = 25. 
No; P(A) + P(B) = 0.76 + 0.58 = 1.34 > 1. 
Over an extended period of time with similar weather 
conditions it will rain 40% of the time. 

x 


; cos Ө = 
2 


- 2 
2cos0 = ./2; sin 0 = „>? 


оо, 0 75. —1 + 6i 


A153 


Review Exercises (page 680) 
1.15,9,7,6, 2 3. 120,60,20,5,1 5. a, -2(-1y 
з" 1 1 205 
T3 - ОШ... "OE 13. 7 
20 1 4 
15. У  17.- 
ek 9 
19. (a) A, = $10,018.75 


21 


25. 


29 


35. 


39 
43 
45 


47. 
49. 


55 
63 


65—67. Proofs 


71 
75 


A, ~ $10,037.54 
A, = $10,056.36 
A4 ~ $10,075.21 
As ~ $10,094.10 
Ag == $10,113.03 
A, ~ $10,131.99 
Ag ~ $10,150.99 
Ay = $10,170.02 
А уо = $10,189.09 
(b) $12,520.59 
. Arithmetic, d — —6 23. Not arithmetic 
a, = 12n — 5 27. a, — —18n + 150 
. 4, 21, 38, 55, 72 31. 45,450 33. 1640 
11300 37. (a) $51,600 (b) $238,500 
. Geometric, r = 3 41. Geometric, r = —3 
. 2, 30, 450, 6750, 101,250 
‚9, 6, 4,$, É ог9, —6, 4, -§, 19 
a, = 100(1.05)"~!; About 155.133 


a, = 18(—3)" ')—з5% 
.31  57.23056 59.8 61. 2 

‚ (а) a, = 120,000(0.7)" (b) $20,168.40 
69. S, = n(2n + 7); Proof 
.S,-31- (); Proof 73. 2850 

. 5, 10, 15, 20, 25 

First differences: 5, 5, 5, 5 

Second differences: 0, 0, 0 


51. 127 53. б 


Linear 
77. 15 79. 21 81. x* + 168 + 96x? + 256x + 256 
83. 64 — 240x + 300? — 125 85. 7 87. 10,000 
89. 120 91. 225,792,840 93. (a) 1 (b) 2 
95. (a) 43% (b) 82% 97. xg; 99. { 
+2)! + + 1)п! 
101. False. (n = -0 2и DN (n + 2)(n + 1) 
n! 
103. True by the Properties of Sums. 


105 
107 


Ch 


. The set of positive integers 
. Each term of the sequence is defined in terms of preceding 
terms. 


apter Test (page 683) 


L1. 1 1.4. „жез 
78 ТГМ 17 n al 

. 60, 73, 86; 329 4. a, = —3n + 60 

. 86,100 7. 477 8&4 9.-i 

. x + 24x3y + 2163y? + 864xy? + 1296у* 

. 3x5 — 30x + 124x3 — 264x? + 288x — 128 

. —22,680 14. (а) 72 (Ы) 328,440 


5. a, = iy 
10. Proof 
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A154 Answers to Odd-Numbered Exercises and Tests 


15. (а) 330 (b) 720,720 16. 260000 17. 720 Problem Solving (page 689) 
1 1 

18. 15 19. 27.405 20. 10% 1. (a) (b) 0 
Cumulative Test for Chapters 7-9 (page 684) 
1(,2,(-53 2. (-3,-1) 3. (5, –2, –2) 
4. (1, —2, 1) 5. $0.75 mixture: 120 Ib; $1.25 mixture: 80 Ib 
6. om. |] o 100 | 1000 | 10,000 
8. a, | 1 | 0.1089 | 0.0101 | 0.0010 | 0.0001 

(d) 0 

а 
3. s, : 22 40 
= q- 2 
This represents the total distance Achilles ran. 
ay 1 
a i= І 


This represents the total amount of time Achilles ran. 
5. (a) Arithmetic sequence, difference — d 
(b) Arithmetic sequence, difference = dC 
(c) Not an arithmetic sequence 
7. (a) 7, 22, 11, 34, 17, 52, 26, 13, 40, 20, 10, 5, 16, 8, 4, 2, 1, 4, 2, 1 
(D a, = 4: 4, 2, 1,4, 2, 1, 4, 2, 1,4 
a, = 5: 5, 16, 8, 4, 2, 1, 4, 2, 1, 4 
a, = 12: 12, 6, 3, 10, 5, 16, 8, 4, 2, 1 
Eventually, the terms repeat: 4, 2, 1. 


8 10 12 


Maximum at (4, 4): 20 9. Proof 11. 5, = (5) ; A, = OMS? 13. 3 
Minimum at (0, 0): 0 
—1 2 —1 : 9 
11.| 2-1 2 i -9 12. (—2, 3, - 1) (c) P(E) = 
3 3 —4 : 7 


15. (а) 3to 7; 7to3 (b) 30 marbles 
odds in favor of E 
odds in favor of E + 1 


; Р(Е) 
= = _ = (d) Odds in favor of event E = ——- 
13. | 3 | 14, | 8 | 1s. | 133 6 ‘| P(E’) 
6 1 12 9 18 4 4 Ch б 
apter 
16. Not possible 17. E ‚| 18. | | | р 
е Section 10.1 аде 696, 
7s 37 -13 (pag ) 
= т, m 
19. 29 = 1 20. 203 1. inclination 3. tand = чс. : Я y3 
14 —3 1 _ 1 + тут, 3 

21, (0, —2), (3, —5), (0, —5) (3, — 2) 7-1 9 /3 1104111 13. 32236 
22. Gym shoes: $2539 million 15. —4.1005 17. Lrad,45? 19. 0.5880 rad, 33.7 

Jogging shoes: $2362 million 4 

Walking shoes: $4418 million 21. rad, 135° 23. 2.1588 rad, 123.7 25. "rad, 30° 
23. (—5,4) 24. (C3,4,2) 25.9 4 6 

1 11 14 _ (n+ I)! 27. тай, 150° 29. 1.0517 rad, 60.3° 
26. pe уруу 9 „+з 6 "7 | 
28. 1536 29. (a) 654 (b) a, = 3.2п + 14 31. 2.1112 rad, 121.0? 33. 1.6539 rad, 94.8? 

190 

30. 3, 6, 12, 24,48 — 31. уў 32. Proof 35. ЭЛ rad, 135° 37, "rad,45? 39, 27 rad, 150° 
33. wt — 36w? + 486w? — 2916w + 6561 
34. 2184 35. 600 36. 70 37. 462. 41. 1.2490 rad, 71.6? 43. 2.4669 rad, 141.3? 
38. 453,600 39. 151,200 40. x 41. I 45. 1.1071 rad, 63.4? 47. 0.1974 rad, 11.3? 


49. 1.4289 rad, 81.9? 51. 0.9273 rad, 53.1? 
53. 0.8187 rad, 46.9? 
55. (1, 5) € (4, 5): slope = 0 

(4, 5) (3, 8): slope = —3 

(3, 8) (1, 5): slope = 3 

(1, 5): 56.35; (4, 5): 71.65; (3, 8): 52.1? 
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Answers to Odd-Numbered Exercises and Tests A155 


57. (C4, – 1) 6. (8,2): slope = 5 
(3,2) 6 (1,0): slope = 1 
(1,0) G (—4, —1): slope = + 
(—4, — 1): 11.95; (3, 2): 21.85; (1,0): 146.3? 


v2 61. 25 


59. 3 0.7071 == 0.8944 


63. 2/2 — 2.8284 65. NUS == 2.5298 
67.1 69. ; 
. 114/17 11 
7.) 1| OQ“ Os 
pal 
, 19./34 19 
73. (a) A (6) 34 ©) 2 
> Х 
ad 
| 5 
75. (2) > (b) xS (c) 1 
54 C 
44 B 
3 
zd 
1+4 А 
-1 1 2 H 4 5 us 
-14 


77. 2/2 79. 0.1003, 1054 ft 
81. (a) 0.3456 rad, 19.8° (b) 57.6 ft (с) y = 0.36x 
(d 7; 


83. True. tan 0 = 0 

85. False. Substitute tan Ө, and tan 0, for m, and m, in the formula 
for the angle between two lines. 

87. The inclination of a line measures the angle of intersection 
(measured counterclockwise) of a line and the x-axis. The 
angle between two lines is the acute angle of their intersection, 
which must be less than 7/2. 


91. 
95. 


99. 


101. 


4 
(a d= 
m^ +1 
d 
(b) а 
ex 
54 
24 
T 
4—4 +++ > т 
-4-3-2-1 | 1 2 3 4 
TE 
(c) m=0 


(d) The graph has a horizontal asymptote of d = 0. As the 
slope becomes larger, the distance between the origin and 
the line, y = mx + 4, becomes smaller and approaches 0. 


(x + 5)(х + 7) 93. (x — 12)(x — 8) 
11(х = 4)(x + 1) 
ЮЕ 


Vertex: (2, = 2) 
Axis of Symmetry: x = B 
x-intercepts: (5, 0), (8, 0) 

mp _9 


fe = (+5 4 


y 


— —À >r 
-25 -20 -15-10 -5 4 5 
2 
Vertex: (—2, -2) 
: 2 
Axis of Symmetry: x — -3 


x-intercepts: (— 16, 0), (— 13, 0) 
f9-(9 -3 


-16+ 


Vertex: (- Е = 2) 


Axis of Symmetry: x = — 


7 
6 
x-intercepts: (-4 0), (4, 0) 
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103. (a) 4/34 105. (a) /445 


w) (8,3) (b) (18,3) 
JA ( 5) 
107. (а) B (b) 1, 74 


Section 10.2 (page 704) 


1. conic 3. parabola; directrix; focus 
7. Find the midpoint between the focus and the directrix. 
9. c 10. a 11. b 12. d 


13. x = 4y 15. x? = 2y 17. у = —8x 

19. х? = —8y 21. y? = 4x 23. à = iy 

25. ур = - Әу 27. y! = A(x + 4) 

29. (y — 3? = —8(x — 6) 31. 2 = —8(y — 2) 

33. (y — 2)? = 8x 35. (x — 3)? = 3(y + 3) 

37. Vertex: (0, 0) 39. Vertex: (0, 0) 
Focus: (0, 5) Focus: (-3 5, 0) 


š А 1 
Directrix: y = —5 


Directrix: x = 5 


Di 
жа кор OS CI | 
zs 1 
41. Vertex: (0, 0) 43. Vertex: (1, —2) 
Focus: (0, —3) Focus: (1, —4) 
Directrix: y = 3 Directrix: y = 0 
À À 
at 44 
тутыу аа аа а а 34 
2+ 54 
IR 
it 
зә- ал 
^ 
-44 ө 
45. Vertex: (3, —7) 47. Vertex: (1, 1) 


5 
Focus: G, —7) 
n : 1 + : 
Directrix: х=» Directrix: y = 0 
y y 
A A 
E I 4 
a ped | s 
-2 +1 
1 
-44 
1 
-671 
'@e 
-84 
t 
1 
-104; 
1 4 { i „Хх 
-1241 -2 2 4 
1 


Еосиз: (1,2) 


Rights Reserved 


5. Focal chord 


Answers to Odd-Numbered Exercises and Tests 


49. 


51. 


55. 
59. 
65. 
67. 
71. 
73. 


75. 
77. 


79. 


81. 


83. 


87. 
91. 


Vertex: (—2,—3) 
Focus: (—4, —3) 
Directrix: x = 0 


П П 
+ + 
-10 -8 


Vertex: (—2, 1) 53. Vertex: (1, 1) 


Focus: (-2, 3) Focus: (0, -i) 
Directrix: y = —5 Directrix: x = i 

5 4 

—10 2 

-8 4 

-3 -4 
у=зх—$ 57. y= —4x — 8 
y=4x4+2 61. у? = 6x 63. y? = 640x 


(a) x? = 12,288y (in feet) (b) About 22.6 ft 

xX = –2(у – 48) 69. About 19.6 т 

(а) (0,45) (Ы) у = gx 

(а) 17,500./2 mi/h = 24,750 mi/h 

(b) x? = —16,400(y — 4100) 

(a) х2 = —49(y — 100) (b) 70ft 

False. If the graph crossed the directrix, then there would exist 
points closer to the directrix than the focus. 


Slope: m — 


p 
2p 
А =2 
x-intercept: == Ру .o) 


2 

. 2py, — X 

-inti t: [0,1 1 
y-intercep | 2р | 


Both (a) and (b) are parabolas with vertical axes, while (c) is 
a parabola with a horizontal axis. Equations (a) and (b) are 
equivalent when p — 1/(4a). 

Center: (0, 0), r = 8 85. Center: (5, — 1), г = 54/2 


16b8 


2x3,x #0 89. 


b#0 


а!?? 


у= (х = 4)? + 2 93. y = |-x + 3| - 1 


02-200-2 
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Section 10.3 (page 714) 


1. ellipse; foci 3. Major axis, minor axis; major axis 


Answers to Odd-Numbered Exercises and Tests 


5. b 6. c 7. a 8. d 
x y _ x^ F-n 
natal Ш + ug! 
x y x y? 
13. 5+5=1 15. 5+6=1 
2 2 _ оү _ ау 
йыр. ШЕ д 
$9 XE : : 
— 6)2 2 2 _ 4)2 
4 6-9 Yl. 3.9 0-9. 
42 22 ( /agf 8? 
_ ту — 3)2 — 1\2 _ 4» 
pibe lentem. 
3 2? (/12)* 5 
(к-2? ty 7а 
29, 4 p =i 
31. Center: (0, 0) 33. Center: (0, 0) 
Vertices: (+5, 0) Vertices: (0, +6) 
Foci: (+3, 0) Foci: (0, +4,/2) 
2/2 
Eccentricity: i Eccentricity: ЕЕ 
À À 
64 
-6+ 
35. Center: (4, — 1) i 
Vertices: (4, —6), (4, 4) 6T 
Foci: (4, 2), (4, —4) 
Eccentricity: i 
ae 
37. Center: (—5, 1) i 
. 7 13 + 
Vertices: (-i i) (-&. 1) 34 
Foci: (^5 s с 1) £) 14 
а [d 
Eccentricity: xS -24 
z33 
-4+ 


39. 


51. 


55. 


57. 
61. 


65. 


67. 


А157 


Сешег: (—2,3) 41. Сешег: (4,3) 
Vertices: (—2, 6), (—2, 0) Vertices: (14, 3), (—6, 3) 
Foci: (-2, 3 + J5) Foci: (4 + 4,/5, 3) 


J5 2/5 


Eccentricity: EN Eccentricity: EN 
y y 
A A 
4+ 
124 
10+ 
8+ 
>x C>) к 
b -4+ 
zek 
-84- 
-104 
1 
45. Center: |=, —1 
2 
: 3 5 = ; 1 
е —— — + . = + = 
Vertices: ( 2 = л) Vertices: (5 220679, ) 
А 3 5 ‚ [1 
E —— — + . = + — 
Еос1: | "PES 2/3) Foci: E E 2, 1) 
Ti 6 ЕЕ 1 
Eccentricity: EN Eccentricity: m 
| i 
з 
24 
T 
E ID, bi 
-3+ 
-44 
254 
49. 2 
0 10 


-6 

Center: (5, —2) 

Vertices: (2, —2), (8, —2) 
Foci: (5 + 2/2, -2) 


Center: (0, 0) 
Vertices: (0, + /5) 
Foci: (0, +.) 


р SM (x1 фетр 
ng was cop cw 
2 
y 
+ 2 = 
@ 555595 + 3559 = | (b) About 85.4 ft 
About 229.8 mm 59. e ~ 0.0520 
| 63. А 
41 
нм (n) : 
` AE туо) 
3 p "a > 4 
(233, -v2) (35-2) 
E (ep и 
-4t 
False. The graph of (x?/4) + y* = 1 is not an ellipse. The 


degree of y is 4, not 2. 


2-62 (y-2P | 
324 ` 308 


69. Proof 
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71. 


fo) = (x -= 3)? 


73. В = 67°,Ь == 11.45, c == 8.00 


75. А == 98.25°, В == 48.80°, С == 32.96° 


77. 


(2, —6) 


79. No solution 


Section 10.4 (раде 724) 


1. hyperbola; foci 
5. Center 7. b 8. 
2 2 
1.25 -——- 
2 (л) 
y (к 2) 
15. 5 - zp = 1 
32 (3/2)? 
19. Center: (0, 0) 


23. 


25. 


Vertices: (+1, 0) 


3. transverse axis; center 


d 9. c 10. a 
(y-5P? _ (к – 4) 
13. Р 32 = 1 
NE 2 
ү, 6223 0*3. 


и (V8) 
21. Center: (0, 0) 
Vertices: (0, +6) 


27. Center: (2, —3) 
Vertices: (3, —3), (1, —3) 
Foci: (2 + AD, -3) 
Asymptotes: 
у= —3 + 3(x — 2) 


y 


Answers to Odd-Numbered Exercises and Tests 


29. Center: (— 1, 1) 
Vertices: (—2, 1), (0, 1) 
Foci: (-1 Eo um 1) 
Asymptotes: 

у= 1 = 2(х + 1) 


y 


Foci: (+ x2; 0) 


Asymptotes: y = +x 


Foci: (0 + 2/34) 


Asymptotes: y = E 


y 


Center: (0, 0) 
Vertices: (0, +1) 


Foci: (0, + J5) 


Asymptotes: y — +x 


Center: (2, —6) 


Foci: (2 —6 + 


2 
Asymptotes: y = —6 + 3€ — 2) 


-8 
Center: (0, 0) 
Vertices: (+ /3, 0) 
Foci: (+ x. 0) 


-8 
Center: (0, 0) 
Vertices: (0, +3) 


Foci: (0, + 4) 


35. 2 Center: (1, —3) 
78 10 Vertices: (1, = 4) 
Foci: (1, —3 + 2/5) 
LJ 
-10 
2 у y д2 
37. ;- 571 39. = 1 
P 5 (32//17} (8/ 17 
x—-2yp (y= 2P _ G=2P GH 3P .. 
41. 12 12 1 43. 3 3 1 
=з 2 + 2 
45. Е D (y 3 D 1 47. Ellipse 49. Hyperbola 
51. Ellipse 53. Parabola 55. Circle 
х2 y 
57. = 1 
98,010,000 13,503,600 
59, (а) x= 110.3 ті (b) 570mi (с) у= ES 


61. 


True. For a hyperbola, c? = a? + 22. The larger the ratio of 
b to a, the larger the eccentricity of the hyperbola, e — c/a. 


63. False. The graph is two intersecting lines. 
65. y (а) С> 2andC < -EZ 
A 
3+ (b C=2 
17 
(с) -2<C<2,C=-7 
(d) C= -2 
t |x (e) -<C< -2 
-3 3 
=j 


67. The equations of the asymptotes should be y = k + ae — Л). 


69. 


=З 5 


7.8-24/3 73 


7+ 711 
i 3 
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—0 + _/53 —3 + _/57 
75. 2 DS 77. —10 + 87 79. = 
л 5л 9л 13л л л Зл 5л Тл llr 
81. Proof 83. gg 8 856022'6 6 
Section 10.5 (page 733) 
1. rotation; axes 
3. А'(х)? + С(у) + рх + Еу + F'-0 5. (0, —2) 


(AM) 506 A 


2 


ji. (= mE 4) 


2 


ey ( 
6 


Sa 


17. 


^2 
) 1 19. 


2 


6 


6 


+ 1 
1 4 
y 
y A 
Y ad 
» 
| d 
^ 
-3 2 J 2 
2А 
2Х 
-2 + 
х 
eg \ 


Answers to Odd-Numbered Exercises and Tests 


25. 


29. 


31. 
37. 


39. 


41. 


43. 


45. 


A159 


27. 4 


| 
© 
| 
o o 
© 
| 
o 
o 


Ө = 37.98? 


[| 
© 
| 
N 


0 = 45° 
e 32. a 33. d 34. c 35. f 36. b 
(a) Parabola 


UIN cust s 


(с) 


(8x — 5)? — 4(16x2 — 10x) 
2 


| 
A 
№ 


| 
© 


(a) Ellipse 

6x + 
b) y=— 
(с) 


36x! — 28(12x2 — 45) 


= 
AB 


| 
ES 

| 

© © 
a 


(a) Hyperbola 
бх + J36x? + 20(х? + 4x — 22) 
(D y= —10 


= 
Q 
м 


| 
© 

| 

o o 
© 


(a) Parabola 
_ —(Ax — 1) € (Ax — 1)? 1600 — 5x — 3) 
(b) y 


(с) 


у 


A 
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49. 


53. 
55. 
57. 


59. 
61. 


63. 


65. 


51. 4 


(/2, /2), (—+/2; = 4/2) 

(a) (у + 9)? = 9(x' — 12) (b) 2.25 ft 

True. The graph of the equation can be classified by finding the 
discriminant. For a graph to be a hyperbola, the discriminant 
must be greater than zero. If k > " then the discriminant would 
be less than or equal to zero. 

Answers will vary. 

No symmetry 


Intercepts: (— 4, 0), (0, 0) 
y-axis symmetry 


Intercepts: (—3, 0), (3, 0), (0, —3) 


cot x 67. 1 69. (За, a — 3, a) 


Section 10.6 (page 741) 


1. 
3. 


. (a) 


plane curve 
Solve for t in one equation. Then substitute for t in the other 
equation. The result is the rectangular equation. 


t 0 1 2 3 4 


x | 0 11/2/4312 

y | 3 2 1 0 -1 
(b) A 
al 


Copyright 2022 Ce 


Answers to Odd-Numbered Exercises and Tests 


(c) \ 


The graph of у = 3 — x? shows the entire parabola rather 


than just the right half. 
7. A 


The curve is traced from 
left to right. 
11. A 


The curve is traced from 
right to left. 
13. (a) 


(b) у= +2/x 


9. 


15. 


The curve is traced 
clockwise. 


(a) 
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Answers to Odd-Numbered Exercises and Tests A161 


21. (a) 23. (a) 39. T 41. 1 


— N ш в u A 
э 
N 

>< 

| 

œ 

ES 
[| 
oo 


EU NM ME I i 
"ud 
(0) y= (e+ 3), х= -3 o y= 60 Е: " 
25 47. Each curve represents a portion of the line у = 2x + 1. 
ue J Domain Orientation 
"i (a) (— оо, оо) Left to right 
34. (b) [-1, 1] Depends on Ө 
(c) (0, оо) Right to left 
(d) (0, оо) Left to right 
49. y — y, = т(х — xj) 51. €—9 (UE en 
a b 
-3-+[ 53. x = 3t 55. x = 3 + 4cos 0 
S y = 6t у= 2 + AsinO 
(i qd eg 57. x = 5cos 0 59. x = 5 + 4sec 0 
16 4 y =3sin0 у = З (ап ө 
27. (а) 29. (а) 61. х= —5t 63. x = 3sec 0 
| y-2t у = 4tan0 
7 3л 
<ts BOUE E 
0zrsz] 2 0 2 
65. (a) x=ty 3t 2 (D x=-t+2,y=-—-3t+4 
67. а@)х=„у=%—1) (Dx--tt2y--i(r-1) 
69. (а) х= у= à +1 (D х= =1+2,у= 2-4 + 5 
71. (а) х= у= 1 - 22 
b) х=2 = у= –202 + 81 – 7 
1 
73. а) а= ву (6) х 1+ 2, у ае: 
75. (а) x ^ у = е! (D х= —t + 2, у = e™*t? 
| , 77. з 79. 14 
› Ё 
at 
0 30 
0 51 
B И » x 0 -6 
81. 4 83. 4 
=й >r -6 6 -6 6 
5 
(b 2 +у2 = 9 
35. (а) a + 
y 37. 5 85. b 87. d 
4 Domain: [—2, 2] Domain: (— оо, оо) 
з Range: [— 1, 1] Range: (— оо, оо) 
2 
1 -1 8 
= соот 
-1 
-2 
-3 
-4 
(b y = Inx 
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89. (a) 1% (b) 220 105. Center: (0, 0), 7 = 9 107. Center: (0, 0), = 4/2 
І І 
10+ TT 
8T Т 
6+ i 
0 250 0 500 4l 3+ 
0 0 2l T 
Maximum height: 90.7 ft Maximum height: 204.2 ft pecie PERS nig 
Range: 209.6 ft Range: 471.6 ft Т Bum 
(c) 100 (d) 20 alt l 
"T 71 
109. Center: (2, 8), r = 2/6 
0 5 300 0 5 600 ut 
Maximum height: 60.5 ft Maximum height: 136.1 ft 
Range: 242.0 ft Range: 544.5 ft 
91. (a) x = (146.67 cos 0)t 
у = 3 + (146.67 sin 0)t — 16? 
(b) 5 No m 
oe ae EET Fas 
111. Center: (5, —6), r = 2/10 
0 450 y 
0 \ 
(с) 60 Үе$ $T 
15 m 
0 500 
0 
(d) 19.3? EM 
93. (a) x = (cos 35°)vot 
= : 359 — 162 11л 1 
y = 7 + (sin 35°)vot — 16t 113. Sample Answer: LET B 
(b) About 54.09 ft/sec 6” 6 
(c) 24 22.04 ft (а) About 2.03 sec i 
x 
0 90 6 x 
0 
95. x — a0 — bsin0 
у= а – bcos0 
97. True 
x=t 13z 197 
у= 2+1 =—>у=?+1 115. Sample Answer: — 8'8 
x = 31 y 


y=9P +1 > y=xr +1 
99, False. The parametric equations x = г? and у = f give the 

rectangular equation x = y?, so y is not a function of x. 3n 

101. The parametric equation for x is defined only when t > 1, so 
the domain of the rectangular equation is x 2 0. 

103. Parametric equations are useful when graphing two functions 
simultaneously on the same coordinate system. For example, 
they are useful when tracking the path of an object so that 


the position and the time associated with that position can dn 5n 
be determined. 17. =, = 
3° 3 
л 4 
119. =, — 
3 3 
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Section 10.7 (page 749) 
1. pole 


3. x = rcos 0, y = r sin Ө, tan 0 = Ў 2 =? + ур 
x 


7. 


NIA 


„етн, 

А 

| 

| 2 

wo | 
S 
IE 
Tum 


NIA 
NIA 


EN 
~ 


Y 
o 


a 
© 
a 


(2 


eli 
ы 
У 


(2, л), (—2, 0), (2, – л) 


тетен. 

| 
I 

| 

A 
IE 
LL э 
P raras 
N 

| 
шч 
~x 


13. z 


Sample answer: (o. 


z 
2 


15. 


Dy 


Зл 


(/2, – 3.92), (- 4/2, 


0.78). (— 4/2, 5.50) 
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17. 


19. 
27. 
33. 
37. 


43. 
51. 
57. 


63. 


67. 
69. 
75. 
79. 
85. 
89. 
93. 


95. 
97. 
99. 


101. 


103. 


105. 
109. 


A163 


NIA 


(—3, 4.71), (3, 1.57), (3, —4.71) 


(0,0) 21. (0,3) 23.(-J2,./2)  25.(J3.1) 
(3 P 29. (-1.85,0.77) 31. (0.26, 0.97) 
(—1.13, —2.23) 35. (-2.43, — 0.60) 


(0.20, —3.09) 39. | Ja, z) ii (3 J, 2d 


4 


G9 (st) a7. (Ve) аә. (2,47) 


2 
(3.61, 5.70) 53. (5.39, 2.76) 55. (4.36, — 1.98) 


(283,049) 5%r=3  610- a 
Е 7 3cos0 — sind 
r? = 16sec 0 csc 0 = 32 csc 20 


г = а ѕес Ө 71. г= а 73. г = 2а соѕ Ө 
r? = cos 20 77. г = cot? 0 csc 0 

xb y = 25 81. /3x - y 20 83. у= 4 
x -Tyct2x-20 87. 2 + у – 520 


(x? + у2)2 = бргу – 2y? 91. 40 — 5y? — 36y — 36 = 0 
The graph consists of all points six units from the pole; 
x? + y? = 36 

The graph consists of all points on the line that makes an 
angle of 7/6 with the polar axis and passes through the pole; 
— Зх + Зу = 0 


The graph is a vertical line; x — 3 = 0 


The graph is a circle with center (0,1) and radius 1; 
хаме = 
(а) r = 30 


(b) (3o, =), 30 represents the distance of the passenger 


car from the center, and гна 150? represents the angle 


to which the car has rotated. 
(c) (—25.98, 15); The car is about 25.98 feet to the left of the 
center and 15 feet above the center. 
True. Because r is a directed distance, the point (r, 0) can be 
represented as (r, Ө + 2лп). 


(1, — B) is in Quadrant IV, so 0 = x 107. (5,0) 
N 
24 

Yo ee s oh 

5L 
=A 
=6 + 
-8 + 
ТИ 
x12 4 
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111. › 33. х 35. д 


n+ 
at 


The curve is traced from left to right. 37. 


Section 10.8 (page 757) 


39. z 


1. lemniscate 
3. Determine whether replacing (r,0) with (r,z — 0) or т 
(—r, — 0) yields an equivalent equation. 


5. Circle 7. Limagon with inner loop 


9. Rose curve with four petals 11. Polar axis 


13. 0 == 15. 0 = 2 polar axis, pole 41, 43. x 


17. Maximum: |r| = 20 when 6 = = a 


Zero: r = 0 when 0 = A 


19. Maximum: |r| = 4 when 0 = 0, > = | 


лл 
Zeros: r = 0 when 0 = Er 
21. 23. 45. = ы 


NIA 
NIA 


П 
+ 
П 
o 


юш A 
nly 
N 


49. 2 51. 


Зл 
E 
4 
-4 
6 
-6 
z—-——34 >o £ 
1 2 
Jl + -11 10 
3л 3л -4 5 
T 2 
29. z 31. 
2 -3 
2 


z 
2 -10 
T 57. T 59. 
z 0 -16 5 -3 3 
8 
л +> 0 
+ “A + 7 5 
0= 0 < 2л 0= 0 < 4л 
Зл 3x 
2 p 
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61. i 63. 4 79. Hyperbola 81. Ellipse 
» А Е | А Section 10.9 (page 763) 
1. сопіс 3. Vertical 
4 = - 
5. (a) r "EN parabola 
1 : 
(b) p= 1 * 05 cos &^ ellipse 
(c) r= — — hyperbola 
1 + L5cos 9 P 
2 
7. (а) г = =< parabola 
1 i 
67. (a) 1 (b) О radians (b r= 1—05sn8 ellipse 
| 3 
(с) C= 121590 hyperbola 


9. c 10. d 1. a 12. b 
12 13. Parabola 15. Parabola 


x 
2 


Cardioid 
69. True. The equation is of the form r = a sin nO, where п is odd. 


71. Answers will vary. 
73. (a) B (b) 1а 


m+t+NQ+++3A-++> 0 
6 8 10 


эл 
2 


17. 19. Ellipse 


via 


(c) Е | 


The angle ф controls rotation of the axis of symmetry. 
г = 6(1 + sin 0) 


Ig — 
ш 
а 


75. (a r 2 2 — Уш 0 — cos 0) 21. Hyperbola 23. Hyperbola 


NIA 
NIA 


(b) r= 2 + соѕ 6 
(c) r=2+ ѕіп б 
(а) r= 2 — cos 0 
77. Center: (0, 0) 
Vertices: (+5, 0) 
Foci: (+3, 0) 


S 3 
Eccentricity: 5 3л эл 
5 à 3л 
j 
À 
6+ 
+ IM х 
-6 6 
-6 4 
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25. 1 27. 2 
-3 3 
-4 2 
-3 -2 
Parabola Ellipse 
29. 3 31. Ц 
-4 5 
-8 4 
23 -8 
Ellipse Hyperbola 
33. 12 35. 3 
-9 6 
-6 18 
-4 _7 
1 3 
Mn E QU lig cete 
2 
ME r= a5 cont аз кета 
10 10 
45. r = ———_ 47. r = — 
T I= cos 0 "3+ 2cos0 
B 20 _ 9 
э. к= ой гҮ. 
53. Answers will vary. 
Е 
55. y 9.2931 x 10 


57. ғ 


59. r 


61. 


63. 
65. 


1 — 0.0167 cos 0 
Perihelion: 9.1405 x 107 mi 
Aphelion: 9.4509 x 107 mi 
1.0821 x 108 


~ 1 — 0.0067 cos Ө 
Perihelion: 1.0748 x 10? km 


Aphelion: 1.0894 x 108 km 
_ 1.4088 x 108 

] — 0.0935 cos 0 
Perihelion: 1.2838 x 108 mi 
Aphelion: 1.5486 x 108 mi 


3 = 3/2 so e = : and the conic is an 
24+sin@ 1-(1/2)sin0" ` 2 
ellipse. 


True. The graphs represent the same hyperbola. 


False. Every term in the fraction needs to be divided by 3. 
This yields 
2 


Pm ms 
1 — $cos 0 


The eccentricity is 2 so the graph is ап ellipse. 


67. Answers will vary. 
24.336 
2 — , 
ud 169 — 25 cos? Ө 
144 
2 = L——————— 
er 25 cos? 0 — 9 


Answers to Odd-Numbered Exercises and Tests 


73. If e remains fixed and p changes, then the lengths of both the 
major axis and the minor axis change. For example, graph 
5 


pie n 
1 — 3 sin 0 


with e = ? and p= 5 and graph 


MEN 
1 – = sin Ө” 
with e — 7 and р = 9, on the same set of coordinate axes. 
=T 23 13 
ЛЭ Die H 79. (—7, 0), (- 1, 
- E (7,0), 71,0) 
81. (a) h = 7, vy = 40,0 = 45° 
(b) 25 
0 60 
0 


(c) Maximum height: 19.5 ft 
Range: 56.2 ft 


Review Exercises (page 768) 


1. ai 45° 3. 1.9513 rad, 111.8° 


15. (y — 2)? = 12x 
А А 


5. 0.4424 гаа, 25.3° 


7. 0.6588 гаа, 37.7° 
13. х2 = 12у 


11. Hyperbola 


— Mo RA ч 
EA 
+H 


19. 6/5 m 
к-2? (у—1? 
23. | = 1 
3 4 1 
25. 3 feet from the center of the arch at ground level 
27. Center: (—2, 5) 29. Center: (1, —4) 
Vertices: (— 10, 5), (6, 5) Vertices: (1, 0), (1, — 8) 
Foci: (-2 + 2/7, 5) Foci: (1, —4 + J/7) 
Eccentricity: e — xL Eccentricity: Eu 
| 
E » Х 
= 1 
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35. Center: (4, —2) 
Vertices: 
(—3, —2), (11, —2) 
Foci: (4 + /74, —2) 
Asymptotes: 
yc-2: 5-4) 


y 


Answers to Odd-Numbered Exercises and Tests 


37. Center: (1, — 1) 


Vertices: 

(5, -1, (-3, - 1) 
Foci: (6, — 1), (4, — 1) 
Asymptotes: 

у= -1+4(х – 1) 


(b) 


55. (a) 


(b) y = 2x 


d 1—9 х 
7 
06 9 $015 18 
2 

x 


А 


m y 
at 10,890,000 16,988,400 — 1 
41. Hyperbola 43. Ellipse 57. (а) | (b) у= Ух 
(y. qy Gr. OF Mi 
Quom . дег” шш 
е 10 10 l X 3 2 : 34 
m 
Y 
Зе га" 
59. (а) ^ (b x2-y-29 
mols 
49. (a) Parabola 
24x + 40 + /(24x + 40)? — 36(16х2 — 30x) ч "an 
(b y= 
18 
(c) Т 
EI 
61. (a) х=у=2 +3 
E я (b х=1= у= 21+ 1 
1 (с) х=3 - у= 9 – 21 
10x + /100x2 — 402 + 1) 63. (а) х= у=? +3 
51. (а) Hyperbola (Б) у = 2 (D х=1- 1,у= 2-2, +4 
(с) 2 (с) х=3- у= 2-6 + 12 
65. (а) х=, у= 1 – 42 
A 8 (D x-2t—Lhy-2-4?^78t—3 
(c) x 23— t y = —4 + 241 — 35 
67. z 
-2 2 
53. (a 
(a) г —2|—1 0 1 2 
5 1/2 |3 j4 9 
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69. 2 97. Symmetry: 0 = T 
Maximum value of |r|: |r| = 8 when 0 = 2 
. 77 : Zeros of r: r = 0 when 0 = 3.4814, 5.9433 
2 ЈА |6 |8 л 
ND 
эл 
2 
(7, — 5.23), (7, 1.05), (—7, — 2.09) © 
1 z——3À > 
71. (0,0) 73. (-> ->°) 75. г z) Pauw 
2 2 4 i 
Зл 
77. (Л, x 79. г= 9 81. г = 5 ѕес 0 Е " 
83. 72 = 10 csc 20 85. 2+ у? = 16 99, Symmetry: 0 — » polar axis, pole 
7. 2 + у = 9. x? + у? = y2/3 
ла: К E di: Maximum value of |r|: |r| = 3 when 0 = э 
91. Symmetry: 0 = » polar axis, pole Zu aba edi wh E eda 
Maximum value of |r|: |r| = 6 for all values of Ө s 
No zeros of r - 
| £3» 
п mm o 
17 
л +> 0 
8 ye UA 
Зл 
2 
; 101. Limagon 103. Rose curve 
э 8 8 
93. Symmetry: polar axis 
Maximum value of |r|: |r| = 4 when0 = 0 -16 8 -12 12 
Zeros of r: r = 0 when 0 = л 
4 105. Hyperbola 
2 
tT к> 0 4 
2 
Зл 
У А D E md 0 
1 
95. Symmetry: 0 — = polar axis, pole эл 
; = at IPSE л 
Maximum value of |r|: |r| = 4 when 0 = 4 4 44 107. Ellipse 
Zeros of r: r = 0 when 0 = 0, 2 T, xd л 
2 2 2 
2 L 
d п—— СӘ m> 0 
з 4 
л 0 T 
1 эл 
2 
J 
3л 
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4 5 7. Circle: (x — 2)? + (y = 1)? =} 
109. r = ——— 111. к= == 
са 1 — cos 0 773 - 2cos0 Center: (2, 1) 
7961.93 | у 
" В n 
113. r 1 — 0937 cos 8 10,980.11 mi | 
115. False. The equation of a hyperbola is a second-degree equation. 
x=ty=3-2t х= 3t,y=3-6t 25 
117. False. (2 z), (-2 22! and (2 23 all represent the 17 С) 
4 4 4 
ѕате роїпї. zd i cx 
119. (a) The graphs are the same. -14 
(b) The graphs are the same. 
y x 
. (у + 4) = = . = = 
Chapter Test (page 771) $&60r4-026-9 91-ig | 
/10 OP (cy 
1. 0.5191 rad, 29.77 — 2. 0.7023 rad 402^ 3. Sy 10.0075 7-7 5-1 
4. Parabola: y? = 2(x — 1) (b) | 


Мепех: (1,0) 
3 
Еоси$: G, 0) 


y 


11. 


x-2y — 


y=1 


5. Hyperbola: 


Center: (2, 0) 
Vertices: (0, 0), (4, 0) 
Foci: (2 + Js, 0) zm 
Asymptotes: y — 2 — 2) 12. (а) x=ty=3-P 13. (3, -1) 
(D х=т—2,у=—+4—1 

t 14. (2% m), (-2,%, эт), (ava. NI 3s эл) 
| 15. r = 8 

16. Parabola 


+ 
6. Ellipse: (x =1 


Center: (—3, 1) 
Vertices: (1, 1), (—7, 1) 


1 
D 
^ 
= 
Oo 
Q2 
I 
N 
— 
х 
о | | 
EN 
D 
N 
a 
о —-—$}-—_+—_ >_> юз 
Sauk 
FEN 
Y 
© 


Foci: (—3 + {/7,1 17. Ellipse 
i z 
РШ | 
n+ +t tt > 0 
3 
ан эл 
2 
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18. Limagon with inner loop 


Answers to Odd-Numbered Exercises and Tests 


15. 


n 


2 


эл 
2 


19. Rose curve 


20. Answers will vary. For example: r — 


Hla 


E 


1 
] 0.25 sin 0 


21. Slope: 0.1511; Change in elevation: 789 ft 


22. No; Yes 


Problem Solving (page 775) 


1. 
3. A 


13. 


(a) 1.2016 rad 
4a*b* 


(b) 2420 ft, 5971 ft 


a+b? 


. (a) Because d, + d, < 20, by definition, the outer bound that 


the boat can travel is an ellipse. The islands are the foci. 
(b) Island 1: (—6, 0); Island 2: (6, 0) 
(c) 20 mi; Vertex: (10, 0) 


2 


y 


@ 2-2-1 


100 
. Proof 
. Proof 
11. 


64 


Answers will vary. Sample answer: 


x = cos(— t) 
y = 2 sin(- 0) 


2-— X 


(b) х= 


(c) 
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2 — 21? t(2 — 217) 


1-807 +? 


2 


17. 


(а) ч 
І -- | 
-6 
The graph is a line between — 2 and 2 on the x-axis. 
(b) 5 
| 3 | 
-6 
The graph is a three-sided figure with counterclockwise 
orientation. 
(с) 6 
І <p | 
—6 
The graph is a four-sided figure with counterclockwise 
orientation. 
(d) 10 
EB | 
-10 
The graph is a 10-sided figure with counterclockwise 
orientation. 
(e) : 
f 3 | 
-6 
The graph is a three-sided figure with clockwise orientation. 
(f) s 
| <p | 
—6 
The graph is a four-sided figure with clockwise orientation. 
2 


| 

ES 
$ | 

E 

| 

© 

© 


E -2 
r-3 (57) r= —cos( 28), 
—2л s 0 < 2n 


Sample answer: lf n is a rational number, then the curve has 
a finite number of petals. If п is an irrational number, then the 
curve has an infinite number of petals. 
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Chapter 11 
Section 11.1 (page 783) 


1. 
5. 
7. 


13. 


15. 
21. 
25. 
31. 
35. 
37. 
41. 
47. 
49. 
51. 
53. 
55. 
57. 


61. 


three-dimensional 3. surface; space 

xy-plane, xz-plane, yz-plane 

Use the Distance Formula in Space: 

а= J(x, — 4) + (у, у)? + (о — zy. 
j 11. 


5 
@(2,-4,5) 4 
3 
2 


(—2, 4, 3) 17. (0, —3, 5) 19. Octant IV 
Octants П, IV, VI, and УШ 23. {/33иш% 
/29 units 27. /110 units 29. 12 units 
J114 units 33. (2/5)? + 32 = (29 

6, 6, 2/10; isosceles triangle 

6, 6, 2/10; isosceles triangle 39. G, —3, 2) 
(0,-1,7) 43. (1,1-1) 45. (2,6) 
(х — 3? + (y — 2? + (z — 4)? = 16 

[ео уре 

Center: (3, 0, 0); radius: 3 

Center: (2, — 1, 3); radius: 2 

Center: (4 e 0); radius: 1 


| 59. 


(х= 1)? +2? =36 


Answers to Odd-Numbered Exercises and Tests A171 


63. 


65. 
67. 
71. 
77. 


205? 
2 d 2 + 2 o 
x^d y^ 4 
False. z is the directed distance from the xy-plane to P. 


0; 0; 0 69. (x2, Yo, 2) = (2х, — x, 2y, — у, Zm — 0) 
10; 126.87° 73. 4; 60° 75. (69, 138); vector 
1; scalar 


Section 11.2 (раде 790) 


1. 


zero 3. component form 


5. || = /v2+ v2+ v? 7. (0,6,0) 9. (7,—5,7) 


11. 
19. 


21. 


23. 
29. 
35. 


41. 


45. 
47. 
49. 
51. 
55. 


34/5 13. /11 15. /74 17. 34 
J29 /29 
(a) 29 (2,0,5) (b 29 (2, 0, 5) 
Tu ET LU es us 
(а) “ay (8i 3j -k) (b) 74 (8i + 3j — К) 
—4 25.0 27. About 124.45? 
About 109.92? 31. Parallel 33. Orthogonal 


Not collinear 37. Collinear 39. (3,1, 7) 


QS ду (0, 2/2, 2/2} or (0, 2/2, —2./2) 


14 


B: 226.52 М, C: 202.92 N, D: 157.91 N 

True. When 0? x 0 x 180? and cos 0 = 0,0 = 90°. 
—3u - v, so the points are collinear. 

The angle between u and v is an obtuse angle. 53. 9 
71 57. 10 59. 2561. 10 63. 2 


Section 11.3 (page 797) 


л ш = 


27. 


31. 


39. 
41. 


59. 


61. 
67. 


43. 


53. 


. cross product 

. u and v are scalar multiples of each other. 

. ~i+ 7j + 5k 7. 0 9. —2i + 14j + 10k 
11. 
19. 


23. 


i-7j-5k 13.0 15. (1,1,1)  17.(-2,3,3) 
-17i+j+10k 21. —7i + 13j + 16k 


-i-2j-k 25. -3j-4k 

V19a-3j-9k) 29. КАТ =) 

19 2 

Vp 5р ок) 33.56 35.1 37. 301/3 


15. 
(a) Answers will vary. (Б) 6/10 
(a) Answers will vary. (b) /286 


a 45. 5/4090 47. 6 49. 2 51. 2 


12 55.84 57. (a) T= 5 cos 40° 
(b) 


р 15 20 25 30 35 40 45 


T | 5.75 | 7.66 | 9.58 | 11.49 | 13.41 | 15.32 | 17.24 


True. The cross product is not defined for two-dimensional 


vectors. 
J/ 10 


Proof 63. EU ~ 0.3162 65. y = 3x - 3 
y = 2х + 19 
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Section 11.4 (page 806) 


1. direction 3. Perpendicular 
5. (а) x=4+ 5t, y =1+3t,z=2 + 6t 
x24. бу 1. ос, 
LIE GENE REC 
7. (a) х=2 + 4, y= 5t 3, z = -t 
x-2 yt5 
(b) да > ^ 
9. (a х=2 +2, у= —3—3tz-5-t 
2, +3 
(eges 
П. (а) x -2—5,y745,z 72—5t 
X2. y. 2-2 
(0) = 1 4 — 5 
13. (а) x= —3 + 4, у = 8 – lO0nz = 15 +1 
х+3 y-8 _ 
(b) n 10 72 15 
15. (а) x=3-44,y=1,7=2+43t 


17. 


19. 
23. 
27. 
33. 
37. 


39. 
41. 


45. 
51. 


53. 


55. 
57. 


(b) No symmetric equations 


2х -y -2z + 10 = 0 21. -2x + у + 252-3 = 0 

2х — 4у + 32 +4 = 0 25. бх -2y -z - 8 = 0 
y-5=0 29. у- 2+2 = 0 31. Perpendicular 
Parallel 35. Neither; about 61.6? 
х= 2 
у= 3 
= 4+1 
(а) 569° (b) х= у= —7t,z = —3t 

43. i 


tae 
(4,0, 0) «22 A 


5 (0,2,0) 
EY 
6 


34/5 47. 10/17 49. 89.1° 
5 17 
False. Lines that do not intersect and are not in the same plane 
may not be parallel. 
The parametric equations should be x = —2 — 3t,y = 5 — 4t, 
and z = 3 + 2t. 
(a) 243 (Ы) -1 
All real numbers x except x = —3; f(x) 00 а хә —3^, 


f(x) =>- asx —3* 


its Rese 


Answers to Odd-Numbered Exercises and Tests 


59. 


All real numbers x except x = +2; f(x) Boo asx -2^, 
f(x) –оо asx 3-27, р(х) ә -0 as x—>27, 
Р(х) o0 as x 22* 


Review Exercises (page 810) 


1. 

3. 7. J/61 

9. 

8)? = (67) 

11. 13. (—2,2,2) 

15. (z;—4p24 

17. (z — 2)? = 49 

19. 2-y-72-12 21. Center: (0, 0, 4); radius: 4 
23. Center: (5, —3, 2); radius: 2 
25. (a) z (b) 


27. 
29. 


31. 
39. 
45. 


47. 
51. 


53. 


55. 
59. 


61. 


63. 


(у = 3)? +2? = 16 


(0, 3, 0) “а 
38 3./38 38 
(а) (1,6 -1) (b v38 (0 (38 6 L38) 


(a (—10,6,7) (Ы) V185 
© (= 185 6/185 7 185) 
37 ^" 185 ° 185 
m 33. | 35. About 77.83? 37. Parallel 
Orthogonal 41. Collinear 43. Not collinear 
A: 159.1 Ib 
В: 115.6 Ib 
C: 115.6 Ib 
(—10, 0, — 10) 49. 4i + 2j — 7k 
IT. 233/711... 11 

ut qp ar 
714/7602. | 22.7602. , 25./7602 

7600 | — 3800 3^ 7602 * 
(a) Answers will vary. (b) 2/43 57. 75 
(а) х= —2t, y = 5t,z =t 

х__у 
е ре за 
(а)зх=—1+4,у=3+3,@=5—6[ 

xcd yes 25 
(b) 4 3 -6 
—2x — 12у + 5 = 0 65.z-2=0 
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J/6 
69. 6 71. 17 
73. False. c(u x v) = (cu) x v = u x (cv) 


75. Answers will vary. 


Chapter Test (page 812) 
1. : 


2. (8, 0, 0) 


3. No. (/76)° + (102) # (194) 


5. (x — T + (y - A? + (z - 2? = 19 


4. (7,1,2) 


sphere 


6. u = (—2, 6, —6), v = (— 12,5, —5) 
7. (a) 84 (b) (0,62, 62) 
8. (a) | [v19 3/19 эл) 
19° 19, 19 
(b) | 6./194 5/194 5 194) 
97 ' 194 ’ 194 
9. 46.23° 
10. (a) x = 8 — 2t, y = —2 + 6t,z = 5 — 6t 


x-8 yt2 z-5 
=2 6 —6 
11. Parallel 12. Orthogonal 
13. (a) Answers will vary. (b) 2/230 


14. 200 


its Rese 


Answers to Odd-Numbered Exercises and Tests 


16. : 


17. lix+4y + 162+6=0 18. ~— 
19. About 88.5° 
Problem Solving (page 815) 


1. (a) т 


(b) Answers will vary. 
(c)a=b=1 
3. (a) Right triangle 
(c) Obtuse triangle 
5. About 860.0 Ib 
9-11. Proofs 
13. (a) 1080 sin 0 


1440 


(d) Answers will vary. 
(b) Obtuse triangle 
(d) Acute triangle 

7. Answers will vary. 


0 180 
0 


(b) 540/2 = 763.48 


A173 


(c) 0 = 90°. This is what should be expected. When 0 = 90°, 


the pipe wrench is horizontal. 


15. Proof 
17. (a) D= 3.2 
2 
(b) D = 4/5 
19. (a) d= \/70 = 84 in. 
(b) 20 
0 10 
0 


(c) The distance between the two insects appears to lessen in 


the first 3 minutes but then begins to increase. 
(d) The insects get within 5 inches of each other. 
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